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THREE-DIMENSTONAL STEADYF%TATE SIMULATION OF FLOW IN THE SAND-AND-GRAVEL
AQUIFER, SOUTHERN ESCAMBIA COUNTY, FLORIDA

By Henry Trapp, Jr., and Linda H. Geiger
ABSTRACT

The sand-and-gravel aquifer is the only freshwater aquifer in southern
Escambia County and is the source of public water supply for the area, in-
cluding the City of Pensacola. The aquifer was simulated by a two-layer,
digital model to provide hydrologic information for water-resource planning.
The lower layer represents the main-producing zone; the upper layer represents
all of the aquifer above the main-producing zone including an unconfined zone
and discontinuous perched, confined, and confining zones.

The model is designed for steady-state simulation and predicts the
response of the aquifer (changes in water levels) to ground-water pumping
where steady-state conditions have been reached. Input to the model includes
matrices representing constant-head nodes, starting head, transmissivity of
layer 1, leakance between layers 1 and 2, lateral hydraulic conductivity of
layer 2, and altitude of the base of layer 2. The sources of water to the
model are from recharge by infiltrated precipitation (estimated from base
runoff), inflow across boundaries, and induced recharge from river leakance in
periods of prolonged ground-water pumping. Model output includes final head
and drawdown for each layer and total values for discharge and recharge in the
model area.

The model was calibrated for 1972 pumping and tested by simulating
pumpages during 1939-40, 1958, and 1977. Sensitivity analyses showed water
levels in both layers were most sensitive to changes in the recharge matrix
and least sensitive to river leakage.

Suggestions for further development of the model include subdivision and
expansion of the grid, assignment of storage coefficients for transient
simulations, more intensive study of the stream-aquifer relations, and con-
sideration of the effects of infiltration basins on recharge.

INTRODUCTION

Ample quantities of soft water with low concentrations of dissolved
solids are obtainable from the sand-and-gravel aquifer in southern Escambia
County. However, some public-supply wells have yielded water with high
concentrations of iron and carbon dioxide, and some wells have been abandoned
because of low yields. Hydrologic information is needed by water-resource
planners and others to plan for future expansion of the water-supply systems.
To properly plan for expansion, a basis for predicting the effects of various



concentrations of pumping on water levels and for defining ground-water flow
(and thus the possible movement of contaminants or occurrence of saltwater
intrusion) is necessary.

A comprehensive cooperative investigation by the U.S. Geological Survey
and the City of Pensacola began in 1970 to provide information on the quality
and quantity of water available from the sand-and-gravel aquifer. The inves-
tigation was carried out in four 3-year phases, the final one, ending in 1982,
was done by the Survey in cooperation with the Escambia County Utilities
Authority, which includes the former City of Pensacola Water Department.

The area of investigation extends from the western end of Santa Rosa
Island, west to Perdido River, and north through Pensacola to State Road 196
(S-196) north of Quintette (fig. 1). The first phase (1970-73) concentrated
on well inventory, water sampling, test drilling, and preliminary interpre-
tation (Trapp, 1972; 1973; 1975). The second phase (1973-76) concentrated on
construction and calibration of a preliminary two-dimensional digital model of
the aquifer, test drilling, and monitoring effects of spray disposal of
treated sewage (Trapp, 1978). The third phase (1976-79) included attempts to
refine the two-dimensional model, continuation of test drilling and monitoring
activities, and the construction of a three-dimensional digital model. The
fourth phase (1979-82) included continued monitoring of the spray disposal of
treated sewage and further testing of the three-dimensional model.

This report provides information to water managers, ground-water
modelers, and others regarding the use of the three-dimensional digital model
as an aid in resolving water-management and development problems in the
central and southern part of Escambia County. Also, it provides information
for refining or enhancing the model. With proper interpretation and a
thorough understanding of its limitations, the model can be used to provide
water-management officials with guidance in controlling drawdown, limiting the
possibilities of saltwater intrusion into public-supply wells, determining the
movement of ground water, and establishing future well locations and with-
drawal rates.

Purpose and Scope

This report covers parts of the third and fourth phases of the investi-
gation. It describes the construction and testing of the three-dimensional
model, which encompasses refinements of the two-dimensional model. The model
provides a better understanding of the hydrology of the area and can be used
to furnish information pertinent to water-resources management. It may be
used to help predict areas of excessive drawdown and determine ground-water
flow.

The report briefly describes the hydrogeologic framework of the model
area and defines aquifer hydraulic characteristics. The construction and
testing of the three-dimensional model are documented and the assumptions and
limitations that govern it are defined. Possibilities for enhancement of the
model are briefly discussed in the section called "Further Development of the
Model."

A glossary of selected terms used in this report begins on page 83.













































The value for unit base runoff, used to determine the recharge rate, may
require revision. Most of the stream gaging was done in northern Escambia
County where the recharge-runoff relations may not be typical of the southern
part of the county. In the southern part of the county the topographic relief
is less and the population is more dense. The net recharge in the southern
part of the county may tend to be less because of the greater prevalence of
areas of natural discharge and the greater density of paving, sewers, and
drains.

The recharge applied to the model is based on an average year. For
simulation of an unusually wet or dry period, the recharge parameter can be
changed. The recharge rate can also be varied to simulate the effects of
changes in plant cover, paving, drains, catch basins, and lowering of the
water table,

Simulation of rivers.--The streams, other than the Escambia and Perdido
Rivers, generally act as drains. Most of them head within the study area, and
therefore transfer no water from outside the study area. Streams were modeled
by setting the array values of river water level, RH(NRIV), equal to the array
values of river-bed bottom, RB(NRIV), so that if the head in the aquifer drops
below the stream, the model will compute no aquifer discharge to the stream.
The Escambia and Perdido Rivers and the tidal reaches of smaller streams are
simulated with the head set a few feet above the bottom, using realistic depth
values. Under these conditions, the direction as well as the rate of flow
between layer 2 and the stream depends on the relative positions of their
heads and river-bed leakance.

The justification for using two different ways of representing streams is
that shallow gaining streams are fed by the aquifer and cannot recharge it
(except locally or as a result of storms). The two rivers and the tidal
reaches are assumed to have a fixed depth of water ("infinite" source in
Alabama for the rivers and saltwater from the bays for the tidal reaches) and
can recharge the aquifer, depending on the position of river head relative to
the head in the aquifer.

The model also has an index array IDR that specifies the nodes containing
streams, and a river-bed leakance coefficient matrix RC(NRIV) that includes
the ratio of stream bottom to node-rectangle area (Supplementary Data III).

The model was found to have a low sensitivity to changes in the river-bed
leakance coefficient; large increases in the coefficient beyond the value used
produce only a small increase in the river leakage rate, which is more sensi-
tive to changes in the head of layer 2.

The model-computed leakage rate to streams of 333 ft®/s (no pumping) can
be compared to estimates of 422 ft®/s for base runoff and 400 ft3/s for the
model's recharge rate. According to Musgrove and others (1965, table 1,

p. 97) the average total discharge of the Perdido and Escambia Rivers and of
Bayou Marcus and Carpenter Creeks from the Escambia-Santa Rosa Counties part
of the drainage basin was 1,420 ft3/s for 1958-62. The sum of the drainage

areas is 690 mi?. The areas of the Perdido and Escambia River drainage basins
within the model area are 141 and 84 mi®, respectively. (These areas do not
include constant-head nodes in layer 2 (shown in fig. 5) because constant-head
nodes were not designated as RIVER nodes even if they include streams, and
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therefore their discharge is not included as RIVER LEAKAGE in the mass
balance.) The average discharges of the Perdido and Escambia Rivers from
drainage of the model area are estimated at 260 and 180 ft3/s, respectively,
using the proportions of the model drainage basin area to the drainage areas
in the two counties. Adding in Bayou Marcus (93 ft3/s) and Carpenter Creeks
(31 ft3/s) plus an estimated 87 ft3®/s for Elevenmile Creek's natural discharge
gives a total river discharge of 650 ft3/s for the model area. Multiplying by
0.65 (see Recharge and Discharge) gives an estimated base runoff of 422 ft3/s.

River discharge is affected by pumping and rainfall; therefore, the above
estimate applies primarily to the period in which the river discharge esti-
mates were made. Several small streams and bayous were simulated in the model
but not included in table 1 of Musgrove and others (1965), and therefore the
model's RIVER LEAKAGE should be somewhat more than the base runoff estimate of
422 ft3/s. This estimate, however, is higher than the model recharge rate of
approximately 400 ft3/s, or 16.28 in./yr, when it should be somewhat lower, to
allow for discharge from the aquifer directly into the bays and for pumped
ground water that is not returned to the rivers. The estimates for aquifer
recharge and river leakage are not based on data sufficiently accurate to
support close comparisons of this type, and can only serve as guides to the
reasonableness of the mass balance.

Pumping periods.--Five pumping periods were simulated. Pumping period 1
represents conditions before development (no pumping). Tables 1 through 4
show the estimated distributions of simulated pumping for periods 2 (January
1939-March 1940), 3 (1958), 4 (1972), and 5 (1977). Pumping was estimated
from published reports (Jacob and Cooper, 1940; Musgrove and others, 1965),
water-use data, well-construction and well-abandonment dates, and reported
well yields.

CALIBRATION AND MODEL RESULTS

The preliminary calibration of the model was for unstressed conditions.
For each node in layer 2 a range of head values was estimated. Its upper
limit was set so that the corresponding rectangle, as located on the topo-
graphic map, would not be flooded by an excessively high water table beyond
mapped surface-water bodies, and its lower limit was equal to RB(NRIV), or
average altitude of streams, if the node was a river node., It was assumed
that all the streams were gaining under conditions of no pumping, and thus the
altitude of the water table must be no lower than the altitude of the average
stream surface.

Control for layer 1 for unstressed conditions consisted of historical
data and water levels measured in wells remote from areas of heavy pumping.
Water levels of wells were sometimes adjusted to derive the estimated node
head because the wells are usually not located at the node. The adjustments
were based on estimated potentiometric gradient and distance from the node.
In the expanded grid rectangles at the north end of the model, such adjustment
involves considerable uncertainty. Other possible sources of inaccuracy in
the control values are inaccuracies of measurement and in measuring-point
altitudes estimated from topographic maps, and measurements at times unrepre-
sentative of average conditions.
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Table 1.--Wells and discharge rates per node for pumping period 2:
January 1939-March 1940

[Number of well nodes: 14]

Lat.-
Node long2 Names of wells and water users Withdrawal1
quad Mgal/d Ft>/s
5,20 032-723 Muscogee flowing well 0.01 0.015
8,11 027-720 U.S. Navy Saufley Field wells 3, 4 .1 .155
9,26 045-719 Barth flowing wells .13 .2
10,25 043-718 Molino flowing wells .087 .134
11,5 021-717 U.S. Navy NAS 1 .007 .01
11,8 024-717 U.S. Navy Corry Field wells 1, 2, 4, 9, .8 1.24
10, 14
12,7 023-716  Peoples Water Co., old no. 1 .1 .15
12,8 024-716 U.S. Navy Corry Field wells 7, 8, 11, 12 .007 .01
13,7 023-715 U.S. Navy Bayou Chico Well Field .1 .155
14,8 024-~714  Weis-Fricker Lumber .1 16.4
Spearman Brewery 1.5
Newport Industries 9.
15,11 027-713 Peninsular-Lurton .03 .046
16,8 024-712 Peoples Ice .5 .17
16,9 025-712 Pensacola Water Works (wells 1-6) 2,351 3.64
19,13 029-709 Pensacola Turpentine Southern Pine Chemical .7 1.08

1Where two or more wells are in one node rectangle, the Mgal/d column shows
the withdrawal of each well or group of wells; the Ft3/s column shows the
combined withdrawal for the node.

2Abbreviated designation of l-minute latitude and longitude quadrangles as
described by Musgrove and others, 1965, p. 8-9.

Input values were varied within reasonable limits established by control
until a satisfactory comparison of computed to observed head was obtained from
both layers 1 and 2.

Although the fit between observed and computed head values for unstressed
conditions appeared good, the control for layer 1 was sparse and unevenly
distributed. Also, the model may not have been sensitive to some of the input
parameters under unstressed conditions, but large discrepancies could appear
under stress. Therefore, the model was recalibrated for 1972, a year for
which there was a much wider distribution of observation wells and widely
distributed pumping.
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Table 2.--Wells and discharge rates per node for pumping period 3:
January-December 1958

[Number of well nodes: 37]

Lat.-

Node long2 Names of wells and water users Withdrawall
quad Mgal/d Ft®/s
3,7 023-725 U.S. Navy Bronson Field wells 1, 2 0.065 0.1
8,11 027-720 U.S. Navy Saufley Field wells 3, 4 .55 .85
8,20 036-720 St. Regis wells 30-32 7. 10.84
8,21 037-720 St. Regis wells 8-13 8.4 13.01
9,19 035-719 St. Regis wells 20-27 8.4 13.01
9,20 036-719 St. Regis wells 2-5, 15-19 7. 10.84
9,21 037-719 St. Regis wells 6, 7 2.8 4,34
9,26 045-719 Barth flowing wells .13 .2
10,10 026-718 W. Pensacola Utility Avondale .2 31
10,20 036-718 St. Regis well 1 1.4 2.17
10,25 043-718 Molino flowing wells .087 .134
11,5 021-717 U.S. NAS wells 1, D .065 .1
11,8 024-717 U.S. Navy Corry Field wells 1, 2, 4, 2.6 4.11
9, 10, 14
12,5 021-716 U.S. NAS well 2 .032 .05
12,7 023-716 Peoples Water Co., wells 1-3 1.14 2.01
12,8 024-716 U.S. Navy Corry Field wells 7, 8, 2.2 3.48
11, 12
12,9 025-716 Pensacola W. Pensacola Plant .8 1.2
13,7 023-715 Peoples Water well 4 0.38 0.77
Pensacola Country Club .1
13,8 024-715 Newport wells 10, 12, 13 2.6 4,14
13,9 025-715 Newport well 11 7 1.11
13,11  027-715 Montclair Util. well 1 .2 .31
13,19 035-715 Chemstrand wells 1, 2, 4-7, 9 7.04 11.54
14,8 024-714  Newport Industries .2 2,64
Spearman Brewery-Crystal Ice 1.5
14,9 025-714 Pensacola W & Avery Plant 8 2.395
Pensacola I & Cervantes Plant .8
14,16 032-714 Pensacola Scenic Hills C. C. .1 .15
14,19 035-714 Chemstrand well 3 1. 1.64
15,10 026-713 Pensacola No. 9 Plant .8 2.49
Pensacola F & Scott Plant .8
Small-capacity Pensacola .1

wells - Kuhn Grocery

See footnotes at end of table.
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Table 2,--Wells and discharge rates per node for pumping period 3:
January-December 1958--Continued

Lato‘-

Node long2 Names of wells and water users Withdrawal1
quad Mgal/d Ft°/s
15,11  027-713 Agrico, Concrete Supply, Escambia .065 .1
Treating
15,13 029-713 Pensacola Davis Plant .8 1.2
15,17 033-713 Gulf Power Christ Plant wells 1-3 .2 .3
16,8 024-712 Peoples Ice .3 5
16,9 025-~712 Pensacola No. 6 Plant .8 3.6
Pensacola No. 8 Plant .8
Pensacola East Plant .8
16,10 026-712 Pensacola 12th Ave. Plant 0.3 0.45
16,13 029-712 Pensacola 9th Ave. Plant .8 1.2
16,15 031-712 U.S. Navy Ellyson Field wells 1, 2 .14 .21
17,11 027-711 Pensacola Hagler Plant .3 .45
17,13 029-711 Pensacola McAllister Plant .3 .45
Totals for major users
Mgal/d Ft3/s Mgal/yr
Pensacola 8.9 13.77 3,249.5
Peoples Water Co. 1.73 2.68 632
W. Pensacola Utilities .13 .2 47
U. S. Navy:
Bronson, Saufley, Ellyson Fields .75 1.16 274
NAS .1 .15 35
Corry Field 4,903 7.59 1,790
St. Regis Co. 35. 54,72 12,775
Chemstrand (Monsanto) 8.51 13.17 3,108
Newport Industries 3.6 5.57 826
Gulf Power .19 .3 69

1Where two or more wells are in one node rectangle, the Mgal/d column shows
the withdrawal of each well or group of wells; the Ft3/s column shows the
combined withdrawal for the node.

2Abbreviated designation of l-minute latitude and longitude quadrangles as
described by Musgrove and others, 1965, p. 8-9.
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Table 3.--Wells and discharge rates per node for pumping period 4:

January-December 1972

[Number of well nodes: 51]

Lat.-
Node long Names of wells and water users Withdrawall
quad Mgal/d Ft’/s
8,11 027-720 U.S. Navy Saufley Field wells 3, 4 0.32 0.5
8,20 036-720 St. Regis wells 30-32, 4,56 7.18
Farm Hill Util. No. 1 .08
8,21 037-720 St. Regis wells 8-13 5.47 8.46
8,23 039-720 Mazurek Farm .12 .19
9,9 025-719 Pensacola Lillian Plant AN .68
9,19 035-719 St. Regis wells 20-27 5.47 8.46
9,20 036-719 St. Regis wells 2-5, 15-19 4.56 7.06
9,21 037-719 St. Regis wells 6-7 1.82 2.99
Cottage Hill Util. well 1 11
9,22 038-719 Boise-Cascade well 1 .004 .006
9,23 039-719 Boise-Cascade well 2 .009 014
9,26 045-719 Barth flowing wells .15 .2
10,10 026-718 W. Florida Util. Avondale 2.7 4,18
10,20 036-718 St. Regis well 1 .92 1.41
10,25 043-718 Molino flowing wells .09 134
11,5 021-717 U.S. NAS Hovey Rd. well .2 31
11,7 023-717 Peoples Water well 7 .45 o7
11,8 024-717 U.S. Navy Corry Field wells 1, 2, 4, 9, 4. 6.19
10, 14
11,11 027-717 W. Florida Util. Charbar 0.15 0.23
11,19 035-717 Gonzalez Util. well 1 .11 .17
12,5 021-716 U.S. NAS well 2 .05 .08
12,7 023-716 Peoples Water wells 1-3, 6 1.35 2.09
12,8 024-716 U.S. Navy Corry Field wells 7, 8, 11, 12 3.74 6.48
Peoples Water well 8 .46
12,9 025-716 Pensacola W. Pensacola Plant 1.5 2.33
12,11 027-716 Pensacola Montclair 2, 3 1. 1.55
12,14 030-716 Pensacola Broad Plant 1.5 2.33
12,15 031-716 Pensacola Ensley Plant .9 1.39
12,16 032-716 Pensacola Sweeney Plant 1.5 2.33

See footnotes at end of table.
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Table 3,--Wells and discharge rates per node for pumping period 4:

January-December 1972--Continued

Lat.-
Node long2 Names of wells and water users Withdrawal1
quad Mgal/d Ft/s

12,18 034-716 Monsanto well 11 .97 1.5

13,7 023-715 Peoples Water well 4 W45 .85
Pensacola Country Club .1

13,8 024-715  Newport well 13 1.61 2,49

13,9 025-715 Newport well 11 46 .71

13,11 027-715 Pensacola Montclair 1 o5 77

13,18 034-~715 Monsanto well 13 1.94 3.

13,19 035-715 Monsanto wells 1-2, 4-9 7.52 11.64

14,8 024-714  Newport well 9 .09 1.84
Crystal Ice 1.1

14,9 025-714  Pensacola W & Avery Plant 1.5 4.65
Pensacola I & Cervantes Plant 1.5

14,16 032-714 Pensacola Scenic Hills C, C. .05 .077

14,19 035-714 Monsanto well 3 11 .17

15,10 026-713 Pensacola F & Scott Plant 1.5 4,65
Pensacola No. 9 Plant 1.5

15,11  027-713 Concrete Supply & Escambia Treating .02 .077
Agrico .03

15,13 029-713 Pensacola Davis Plant 1.5 2.33

15,16  032-713 University of West Florida well 2 .2 .31

15,17 033-713 University of West Florida well 1 .08 2.41
Gulf Power Christ Plant wells 1-3 1.48

16,8 024-712  Peoples Ice 3 o5 77

16,9 025-712  Pensacola No. 8 Plant 1.5 2.33

16,13 029-712 Pensacola 9th Ave. Plant 1.5 2.33

16,14 030-712 Pensacola Olive Plant .9 1.39

16,15 031-712 U. S. Navy Ellyson Field wells 1, 2 2 .31

17,11  027-711 Pensacola Hagler Plant 1.48 2.29

17,13 029-711 Pensacola McAllister Plant 1.5 2.3

17,16 032-711 Pensacola River Gardens well .1 .16

See footriotes at end of table.
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Table 3.~-Wells and discharge rates per node for pumping period 4:
January-December 1972-~Continued

Lat.-

Node 1ong2 Names of wells and water users Withdrawal1

quad Mgal/d Ft’/s

Totals for major users--Continued

Mgal/d Ft3/s Mgal/yr

Pensacola 21.9 33.9 7,994.5
Peoples Water Co. 2.7 4,2 987
W. Pensacola Utilities 2.8 4.4 1,040

U. S. Navy:

Saufley, Ellyson Fields .5 .8 191
NAS .25 .39 91
Corry Field 7.7 12.0 2,824
St. Regis Co. 22.8 35.3 8,319
Monsanto Co. 10.5 16.3 3,847
Newport Industries 2.2 3.3 788
Gulf Power 1.5 2.3 540

1Where two or more wells are in one node rectangle, the Mgal/d column shows
the withdrawal of each well or group of wells; the Ft3/s column shows the
combined withdrawal of the node.

2Abbreviated designation of l-minute latitude and longitude quadrangles as
described by Musgrove and others, 1965, p. 8-9.

3Well plants No. 6, Pensacola East Plant not in operation in 1972,

The data were analyzed statistically after calibration. Table 5 lists
the sites used as control for the head of layer 1 under unstressed conditions
(pumping period 1) and compares the altitudes of measured water levels, node
heads estimated from those observations, and node heads from the model.
Figure 6 shows the same data graphically, with the y-axis representing
measured values and the x-axis computed values. The equation of the regres-
sion line is y = -0.2556 + 0.97414x. The correlation coefficient r is 0.954.
If the calibration fit the observed points exactly, the equation would be
y = x and the correlation coefficient would be 1. The 95-percent confidence
band shows the joint confidence interval for the regression line at any value
of x (computed head) from 0 to 70 feet by the Scheffé method (Brown and
Hollander, 1977, p. 271-274). The widening of the confidence band for the
higher head values may be explained by (1) less refinement in the calibration
in the upland (northern) areas where these originated, owing to less control
for the input matrices and large grid blocks and (2) more scatter in the
measured water-level data, owing to a greater reliance on single measurements
at sites, some of which had imprecise land-surface datum control.
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Table 4.--Wells and discharge rates per node for pumping period 5:

January-December 1977

[Number of well nodes: 58]

Lat.-
Node 1ong2 Names of wells and water users Withdrawal1
quad Mgal/d Ft®/s
3,7 023-725 Pensacola Bronson wells 1, 2 0.69 1,07
5,16 032-723 Beulah Water System .2 .31
5,18 034-724 Florida Welcome Station .007 .01
5,26 046-723 Molino Utility well 2 .11 .17
7,20 036-721 Farm Hill Utility 2 .06 .09
8,11 027-720 U.S. Navy Saufley Field wells 3, 4 .18 .28
8,20 036-720 St. Regis wells 30-32 2.865 4.44
Farm Hill Util. No. 1 .05
8,21 037-720 St. Regis wells 8-13 5.73 8.87
8,23 039-720 Mazurek farm .03 .046
8,25 043-720 Molino Utility well 1 .11 .17
9,9 025-719 Pensacola Lillian Plant 1.04 1,607
9,14 030-719 Pensacola Dunaway Plant .69 1,07
9,19 035-719 St. Regis wells 20-27 7.64 11.82
9,20 036-719 St. Regis wells 2-5, 15-19 5.73 8.87
9,21 037-719 St. Regis wells 6-7 1,91 3.19
Cottage Hill Util, well 1 .15
9,26 045-719 Barth flowing wells .15 .2
10,10 026-718 W. Florida Util. Avondale .6 .93
10,20 036-718 St. Regis well 1 .955 1.48
10,25 043-718 Molino flowing wells .09 134
11,3 019-717 Gulf Island Natl. Seashore .075 116
11,5 021-717 U.S. NAS Hovey Rd. well 2 31
11,7 023-717 Peoples Water well 7 .397 .61
11,8 024-717 U.S. Navy Corry Field wells 1, 2, 4, 9, 3.83 5.93
10, 14
11,11 027-717 W. Florida Util. Charbar .11 .17
11,19 035-717 Gonzalez Util. well 1 .19 .29
12,5 021-716 U.S. NAS well 2 401 .62
12,7 023-716 Peoples Water wells 1-3, 6 1.59 2.46
12,8 024-716 U.S. Navy Corry Field wells 7, 8, 11, 12 2.74 4,85

See footnotes at end of table.
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Table 4.--Wells and discharge rates per node for pumping period 5:

January-December 1977--Continued

Lat.-
Node long2 Names of wells and water users Withdrawal1
quad Mgal/d Ft3/s

Peoples Water well 8 .397

12,9 025-716 Pensacola W. Pensacola Plant 1.38 2.14

12,11 027-716 Pensacola Montclair 2, 3 1.73 3.6
W. Florida Util. Carriage Hills well .6

12,14 030-716 Pensacola Broad Plant 1.38 2.14

12,15 031-716 Pensacola Ensley Plant 1.04 1.607

12,16 032-716 Pensacola Sweeney Plant 1.38 2.14

12,18 034-716 Momnsanto well 11 1.244 1,925

13,7 023-715 Peoples Water well 4 .397 .769
Pensacola Country Club .1

13,8 024-715 Newport well 13 42 .65

13,9 025-715 Newport well 11 .42 .65

13,11 027-715 Pensacola Montclair 1 .69 1.07

13,13 029-715 Holiday Inn .03 046

13,18 034-715 Monsanto well 13 1.244 1.72

13,19 035-715 Monsanto wells 1, 2, 4-9 9,066 14,03

14,8 024-714 Newport well 9 42 3.78
Crystal Ice 2.019

14,9 025-714 Pensacola W & Avery Plant 1.38 4,28
Pensacola I & Cervantes Plant 1.38

14,11 027-714 Hollingsworth Dairy .002 .003

14,12 028-714 Southern Prestressed Concrete 0.001 0.0015

14,19 035-714 Monsanto well 3 1.244 1,92

15,10 026-713 Pensacola F & Scott Plant 1.38 3.75
Pensacola No. 9 Plant 1.03

15,11  027-713 Concrete Supply .007 .02
Escambia Treating .006

15,13 029-713 Pensacola Davis Plant 1.38 2.14

15,16  032-713 University of West Florida well 2 .224 .35

15,17 033-713 University of West Florida well 1 .08 3.99
Gulf Power Christ Plant wells 1-3 2,5

16,9 025-712 Pensacola No. 8 Plant .69 4.82
Pensacola No. 6 1.03
Pensacola East Plant 1.38

16,13 029-712 Pensacola 9th Ave. Plant 1.38 2.14

See footnotes at end of table,
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Table 4.--Wells and discharge rates per node for pumping period 5:

January-December 1977--Continued

Lat.-
Node long2 Names of wells and water users Withdrawal1
quad Mgal/d Ft’/s
16,14 030-712 Pensacola Olive Plant .69 1.07
16,15 031-712 U.S. Navy Ellyson Field wells 1, 2 .198 31
17,11 027-711 Pensacola Hagler Plant 1.03 1.607
17,13 027-713 Pensacola McAllister Plant 1.38 2.14
18,12 028-710 Pensacola Airport N. .69 1.07
Totals for major users
Mgal/d Ft3/s Mgal/yr
Pensacola 24,92 38.56 9,095.8
Peoples Water Co. 2.78 4,30 1,015
W. Pensacola Utilities 1.31 2,03 478
U. S. Navy:
Corry Field 6.57 10.2 2,398
Ellyson Field .198 .306 14.3
NAS .601 .930 219
Saufley Field .18 .28 65.7
St. Regis Co. 24,83 38.42 9,063
Monsanto Co. 12.8 19.8 4,672
Newport Division, Reichhold Chemical 1.265 1.96 462
Gulf Power 2.5 3.87 912
Peoples Ice 2,019 3.124 736.9

lWhere two or more wells are in one node rectangle, the Mgal/d column shows
the withdrawal of each well or group of wells; the Ft3/s column shows the

combined withdrawal of the node.

2Abbreviated designation of l-minute latitude and longitude quadrangles as

described by Musgrove and others, 1965, p. 8-9.

27



*38e103s 193ndwod ur ®BIEP
IToM ¢apn3T8uo pue apnirie] a3euwrxoidde UO paseq I2qUNU UOTIBITITIUSPT 93ITS Aa3em-punoad $9sn anbrup

A

*6-8 d ‘G961 ‘sasyao
pue aa0x3snly £q paqraosap se so[3ueapenb apnirt8uoT pue 9pniriel 9jnulw-] JO UOFIBUSTISIP vmumﬂ>munn<ﬁ

Juetd
TL/%T/%0 IT 1sey BJOO®SU9d 70" /CCT.805GSCOE
SYI0M
0 6T 6T 988T 8¢ 193®BM BTOOBSUSd TO"/GCTL80€CSC0E CTIL-GCO 691
T €9 29 0%/%0-0%/10 CC°19 9% BIqWEdSH SHSN T0°€791/8080T€0E 9T1/-1€0  SI1°TI
£ 8% GY wL/21-1L/20 9% ¥ HI S9SN 10°7¢81.80€%0€0€ 8I/-0€0  ¥1°0T
I- <9 99 0%/%0-0%/10 S'%9 G% BTQUWedSH S9SN T0°6061/80%19€0€ 61.-9€0 06
S LY (44 wL/TT-€L/%0 1y 6C HL S9SN 10°I%61.80912€0€ 6T1L-CE0  91°6
Y 8¢ 143 ®L/T1-1L/20 (43 G HI S9SN 10°C761/80810£0€ 6T/-0€0 %16
! G¢ %C ¥L/T1-T1L/T0 £C L HI S9SN 10°CS0C/80900€£0€ 0T/-0€0  ¥1°‘8
T 4 KA 6L/01-2L/€0 KA ¢C HI SOSn 10°%11C/800C8C0€ 1T7/-8T0 CTI!
1 €1 4! 6L/01-1L/€0 01 6 HL S9SN T10°G0T1C/80%S€C0E T1C/L-EC0 LCL
1- 8T 61 6L/01-1L/€0 %c 8 HL S9SN T10°00£7/808S6C0€ €CL-6C0 €1°S
1- 6 01 64/0T-2L/T1 1T GZ HL S9SN T0°T%€T/80CS0C0E €¢/-0¢0 AR
0 (A3 (A3 LT I-%7/-TE0 S9SN T10°11%7/8080CE0E %TL-CTEO0  91°%
(3923)  (399°3) (3923) (3993)

UOTIBAIDSQO Tapouw sanTea peay penb

woxj pejew  WOIJ  PIAIaSqo  UOTIBAI®QO  PaAalasqo aueN N.oz *d*1 °3TS choq apPON

-131S9 snulum wol1y Jo potaad ueaw Io0 -*3e7]

19pou woxq paiewrisy paaxoday

pPe3Y SpON

(Surdund ou)

1 poraad 3urdund ] 19ABT] 10J Sonfea peay paindwod PUB PIaAIISQO IPOU-TOIIUOD--*G ITqE]

28



80 1 | I 1 L |

70 |-
y=-0.2556+ 0.97414x
r=0.954
60 -

50 ~

40 |

95 percent
confidence band

30 ,
(Scheffe)

20

OBSERVED HEAD, IN FEET ABOVE
NATIONAL GEODETIC VERTICAL DATUM OF i929

y-intercept

NGVD 1 1 1 1 1 1
NGVD 10 20 30 40 50 60 70

COMPUTED HEAD, IN FEET ABOVE
NATIONAL GEODETIC VERTICAL DATUM OF 1929

Figure 6.--0Observed versus calculated head values, regression line, and
confidence band for layer 1 for pumping period 1 (no pumping).

Table 6 lists the sites used as control for the calibration of layer 1
for 1972 (pumping period 4), adjusted observed heads, and heads computed by
the model. The interpretation of measured water levels to represent pumping
nodes involves more problems than those for other nodes. The model treats
pumping in any node rectangle as if it is concentrated in a single well at the
node, which is rarely the case. If an observation well is close to a pumping
well and both are distant from the node, or if the two are at opposite ends of
the node rectangle, measurements in the observation well would not indicate
the node value with the pumping well extrapolated to the node. Adjustments
were made to some observation-well head values by means of the Theis equation
(Lohman, 1979, p. 15): first solve for the drawdown in the observation well
produced by the pumping well(s) at the actual radius (or radii) and add it to
the mean observed head. Then solve for the drawdown produced in the observa-
tion well by a hypothetical well at the node with discharge equal to the sum
of all the discharge within the rectangle. This, subtracted from the pre-
viously adjusted head, should approximate the head at the well site if pumping
were concentrated at the node, except that leakage is ignored. The adjustment
appeared to give reasonable results in the simpler situations, but produced a
greater discrepancy than the unadjusted value in areas of closely spaced
pumping wells. In these areas the unadjusted value was used.
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Figure 7 shows observed heads plotted against computed heads for 1972,
with the equation of the regression line: y = -0.7121 + 1.059x and correla-
tion coefficient r = 0.974. The 95 percent confidence band is broader than
for the no-pumping period, perhaps in part because of the difficulty in
adjusting observed water levels at pumping nodes, but the high correlation
coefficient indicates that the calibration should be satisfactory for most
purposes.
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Figure 7.--Observed versus calculated head values, regression line, and
confidence band for layer 1 for pumping period 4 (January-December
1972).

Mass Balance

Lohman (1979, p. 63) defined the hydrologic budget of an aquifer with the
following equation:

R+AR=D+AD+q+S% (2)
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where

R = recharge rate per unit area,
AR change in recharge rate per unit area,

D = natural discharge per unit area,

AD = change in discharge rate per unit area,

q = rate of withdrawal from wells per unit area, and
Ah

S af - rate of change in storage per unit area.

In the present model, S is assumed to be zero, and so the equation would

read:
R+ AR =D + AD + q (3)
where
R = a constant recharge rate plus recharge through constant-head nodes,
AR = change in recharge through constant-head nodes only,
D = natural discharge rate including discharge through rivers and

constant-head nodes,

AD = net changes in discharge rate per unit area through rivers and
constant-head nodes, and

q = rate of withdrawal from wells per unit area.

The simplifications depart from reality because water produced by wells
is always, to some extent, derived from storage in the aquifer, and recharge
is likely to increase in response to enlarging cones of depression because of
infiltration of water that would otherwise have been rejected.

The mass balance output identifies the contribution from each source, and
should show, for each pumping period, that flow into the model area is roughly
equal to flow out of the model area.

Mass balances for the five pumping periods are shown in tables 7 through
11. 1In each case, the error is less than 1 percent. Note that the constant-
head input rate is only a small part of the total input and increases only
moderately from pumping period 1 (no pumping) to succeeding periods of
pumping. This is one indication that the model results are not influenced
excessively by the constant-head nodes.

The constant-head input rate actually decreased from pumping period 2
(28.6 ft3/s) to pumping period 3 (28.1 ft3/s) although the pumping rate
increased more than four times. This can be explained by a change in the
distribution of pumping. For pumping period 2 (table 8), pumping was concen-
trated around Pensacola Bay and, particularly, around Bayou Chico (fig. 1) in
node 14,8. Constant-head nodes at sea level in layer 2 under Pemnsacola Bay
(nodes 14,5-6; 15,5-7 and 16,6-7), which had been receiving flow from ad-
joining nodes in layer 1, became sources of water as a result of pumping. For
pumping period 3 (table 9), pumping in node 14,8 continued at only one-fourth
the former rate, and all the offshore nodes except 14,6 again acted as sinks
rather than sources. This reversal is sufficient to explain the small changes
in constant-head input rate between pumping periods 1 and 3.
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The change in the direction of flow in the constant-head nodes underlying
the bay suggests induced infiltration of saltwater during pumping period 2,
(January 1939-March 1940, table 8). Although model parameters for the sub-
merged areas are based on projection from the land and conjecture, the simula-
tion is confirmed, in approximate fashion, by the appearance of saltwater in
wells in the Bayou Chico area before 1940 (Jacob and Cooper, 1940; Musgrove
and others, 1965).

The mass balances (tables 7 through 11) show a decrease in the discharge
rate to constant-head nodes of 22.6 ft®/s (24 percent) and a decrease of
102 ft3/s (31 percent) in river leakage as pumpage increased from O to 125.6
ft3/s. Therefore, according to the simulation, these are the principal
sources of the water pumped.

Flow Between Layers for Each Node

Tables 12 through 16 show the flow between the layers of the model.
Positive values indicate upward flow (from layer 1 to layer 2), whereas
negative values represent downward flow. The model omits values for all nodes
in which transmissivity and conductivity are zero. Thus, nodes in only the
active model area have vertical flow rates computed (rates are in ft3/s).

The highest rates of flow between layers with no pumping (table 12) are
approximately 18 ft3/s for nodes 8,27 (downward) and 9,27 (upward). These are
adjoining nodes representing rectangles of the largest size in the model
(5,246 ft by 30,606 ft) and with constant-head values in layer 2 of 160 feet
and 20 feet, respectively. The steep gradient in layer 2, established by the
constant heads, simulates the gradient in the water table associated with the
boundary between the uplands to the west and the Escambia River flood plain to
the east. The head in layer 1 is not held constant at these nodes. The
actual transfer of water from uplands to the flood plain in the area repre-
sented by these rectangles is partly through streams draining the upland, but
in the model it is treated as if it were all ground-water flow. The downward
rate in 8,27 approximately equals the upward rate in 9,27. The unit rate is
about 3 (ft3®/s)/mi2. Most of this flow represents increment to the Escambia
River in node 9,27. It does not appear as RIVER LEAKAGE in the mass balance
because constant-head nodes were not identified as RIVER nodes in the model.

Under conditions of no pumping, the highest rates of interlayer flow per
unit area are in nodes 14 and 15,17 and 8,14 and 15, which have flow rates,
respectively, of 4.3 and 5.6 ft3/s, or 3.8 and 4.9 (ft3/s)/mi? (51.4 to
66.7 in./yr). Nodes 14 and 15,17 represent areas containing short, steep-
gradient streams. Nodes 8,14 and 15 represent part of the deeply incised
Elevenmile Creek. Except for extreme values related to discharge to streams,
computed rates of interlayer flow generally range from 0.03 to 2 ft3/s (about
0.4 to 24 in./yr).

The net flow between layers changed from 4.96 ft3/s upward to layer 2 for

no pumping (table 12) to 19.0 ft®/s downward to layer 1 during pumping period
2 (table 13) and to 120.5 ft3/s to layer 1 during pumping period 5 (table 16).

44



ov282s9°i
cgLL9Ls°?

2918L92°0
6988330°0-

6699471 °0~
9¢1£2%2°0~

0466€21°0-
22461102°0~

8¢4602%0°0-
691¢0%1°0~

£2%2612°0
c806é8%0°C

$105913°0
207265%0°0

749795810
§122280°0

c°0
£669620°0

£869060°0
92222¢21°0-

9L25500°0~
o199¢e32°¢

s0se002°C~-
658S9%0°0

OL6LL99 i~
622888L°0

128€060° 2~
0968200°C

6266841 °0~
60898923

20209%L°0
s9L2e%0°0

9¢g12tit0
L9%%6€£3°0

€25%90L°0C
2°0

(SRS}
.
aN®

.
oo

27612200
49092232~

292$°00°0
L85672 6" L~

2199218 L~
1£2010z"¢

928SLEL L~
0009218°0

9602492 L~
0221802°0

819¢€260°C~
99¢22%0°0

89g%00L°0
2286092°C

66269881
01506£2°0

(SN ]
.
QO

62266900~
6L9¢L6L°2

796L$61L°0~
1901L2¢86° 1=

2oELL0L L~
94810%2° L~

290666£°0
L216645°0-

6S09Lce i~
6.66920"1

g26€¢608" L~
79661030

9020122°0
1910£00°0

€1058£60°0
92298820

€231282°%1
§52¢582°0

2°0

8786£¢3°0

300N A€

J2°0
9289831 L~
90968%2°0

201866870
7792251°2-
80J96%7°0~

6L62808B°0
692945t 1~
£186£22°C

6BEE2LLL1
§L990L%°¢
2065560°0-~

t90%eLL el
D6S69LB° D~
2i12242°0-

2°0
2¢8¢02¢8° 4~
45995850~

a91L165%°¢
SgIvssZti-
0%21000°0

2*0
6%2€1223°0~
#£40000°0

J°0
492529 "0~
J%20£80°0~

J2°0
£0s89L2" L
9¢06€80°0

J°0
20
90191¢0°0

0°0
99982¢0°2~
003L¢61L1°0

L9%61£L2°0
0%768%96° |~
£860LLE"0

249221L°0
2932690 L~
L82206£°0

288112020
£641008°0
gl16d25"

1S1eg872°0
78288252
S9892S%° 0~

09silgerz2
C69¢L%6° 0~
64570%L°0~

29342490~
203LLL3%2-
€222100°0~-

26veivete-
8L9¢£91°0~
2682003°0~

9929%91"2-
®BL90LL i~
0889100°C-

2SY€695:° 0~
92¢18L0°0~
$891L€€I®0

£76L6%8°0
15609C2° 0~
§4201¢€0°0

¥3AV1 401 0L MOTS

125999¢°0
BEY999LL" L~
962£500°0~

40041090
LLSESED L~
2%22010°0~

619529%9°0
22i2BEL L~
6822010°0

92829¢9°0
%482088°0-
2215¢%E°0

060¢685°0~
9078018y
slestee*D

8139919°0~
22806221~
99%2199°0

£269%%12°0-
§92L%21° 1~
922891S°0~

oLsegLr®i-
487184170~
92:S831°0~

8¢v6.90°0~
769L¢8E9°0~
FLLLL20°0

£63682¢°1
E156£99¢"0~
78990800

98£¢2%9¢*0
€9605£30°C~
969s82C°0

826£902°0
2868509 L~
4195600°0

29912¢£2°0
§595652° L~
6912¢10°0

2891580°0
9¢E891LS° 0~
288.9L0°C

0469E%8R "2~
61506¢€.°0~
786%800°0~

166522." L~
SéL820L"S
%29260C° 0~

9910051°0~
09042617 C-
429222¢€°0-

21901i81L°0~
£94.890°0~
8696160°0~

L626210°0~
256¢61£1°0-
2E92522°0~

S68S212°0
7lsiieL°C~
SiSvglL0°C

£J96621°0
27siez»*to
L£8¢€920°0
§69292%°¢

4521300°0C-
%011620°0

[we3sfs Surisqunu-umnjod 03 L3} 10J 3[qB3} JO pud 93g]

645€%5%°1
41928256°0-
#289830°0

0698022°0
88LEE?0°0~
968%£13°0

00%1562°0~
60E%920°0~
L692€12°0

06BL 08" 1~
SSIesSYDt1
£656£2¢0°0

LZ9ELSL®0
L2R6684°0
928262230

9929523°0
LL50€L3°0
%88Z2153°

192903823 C
0cLiéLe°0-
022s£80°0

£9691LLE°2
L0696L5°0~-
102888z 0C

8EL9926°
262¢1s85°1
209862300

2°0
L9z7gLlS"0
1228023°D

2129418° 1L
69015000
652¢800°0

90%2020°0
£230280°0~
fY19£10°0

9.L8601°C
SL1s2s0°0-
%66S810°0

2S1S1S9° L=~
2162206°0~
6L5PE20°0

2655¢00°0~
1922¢80°1
98%%620°0

30861€0°0
225916870
82.29¢¢0°0

§61S980°C
68:066%°0
¢72E€%£0°0

£6LS%791°0
7§L4829°0
15989200

e°0
98€22261°0
J01%58¢0°0

00
LS1s%28°0
628965¢0°0

0°0
0°0
€¥9L6¢0°0

(3urdund ou) T poraed Jurdund ‘puodas iad 3993 OTqND UT 3pou Aq 19KeT dojz 031 moTd--°'¢T °@Iqel

2l

Ll

(@]
-—

2

45

' MOY



0°0
sC60lLL"0-

2°0
2llerRic L

0°0
682258S° 1

sliviLeti
L869096° L~

0°0
£¥9028£°0

0°0
£€71190%°0

J°C
%98£6£0¢4°0

J*c
02%6¢156°0~-

2°0
0%5688%6° L~

«oommme.o
482822581

6¢71921L°0
¢eL8CY7°0~

1¢
11

2°0
1029102°0

00
1£29292°0

0°0
S982027°0

a e
2Li89¢9°C

J*0
L798086° L~

£290¢
§92936L°0~

2¢0942L°0
S¥56095° L~

8£31L4%0°0~
2818485¢e

01 61
01 6

0°0
€929¢21°0

2°0
DEv80SL®0

00
§0665¢€2°0

0°0
6422628°0

0°0
09885e%°0

€7£6980°0
2426%12°¢

LB71580°0
Lesevseto

”928%95C0°0
£i19229°*¢

Lz
81 A
8 L

sIdquNnu uWNo)

2639262°0
%9%8680°0

J2°0
20299%¢°0
SeEQ902tL*0

-0
Ooo

6226459

0
2755596°2
§49801L2°0

NN O
.

0°0
BY29L65°S
6128282°0
0

9e
90L29L2E"Y
8983212°0

J°0

8l£82¢1°C
209t¢eLe0

9¢ ST %C
91 ST val
S Vi

L9y

068622

ur'\u
DOO

6425810

UQU
DOO

£86740

O\OU

5660600° 1
§460280°0

o
o OOD

2°0
021494900~
960S001°0

0°0
625608%°¢
L5699LL°C

0°0
SSEeLcE g~
£660€51L°0

2°0
§9550L2° L~
12iesel o

%4 4
el Al
€ [4

9¢28l0

oLL9E9

OV\D O\'D
.

seieos

OOO

.
ODO OOO DOD OOD

209482

OP’\D

0°0

2L8Y92%" L=

0°0C

J°0
%00¢¢g82° L~
0029990°0

0°0
69522L1°0~
%208S80°0

90L26%1E°0
696S926° L~
1815830°0

panurjuo)--(3urdund

Mox
9Tdues

2129¢6

O\?O
OCO

0
L18999L°
0*

.
oo0o

00
§s00821°0~
0°0

0°0
29608%S° L~
0°0

0°0
%32L089° L~
0°0

0°0
21S%07L4° L~
c*¢

0°0
L8962tL°0~
£409160°0

g712081L°0
7922298° L~
9£62500°0

ou) T poriad Furdund ‘puodas Iad 199J OTqND UF 9pOou Aq I2AeT dOo3) 03 MOTJ--"*

90J262

C)DO

0£2Ldl

ULUU UV‘\U
.

OOD

2°0
£€78%L18°0-
2°0

20
£250642° L~
00

3*0
2999¢2L2°0~
3°0

0°0
§9¢22:02°0-

D0

3°0
08s0820°0-
1829922°0

€6124562°1
91L398¢L°0~-
§926852°0

¢T @198l

0°0
7136L08° 1~
0°0

0°0
68826651
0°0
o
L956966°
0*
o*
0*

6125901

OF-O OOO

0°

898%7105° 1
§212¢86°2~
296€£250°0

61l

g1

i

Si

7L

£t

46



SELELEY"L
2ebyeEst?

942.4%0°0
0£61S20°0~

8¢50LSL"0~
€025¢%0°0~

§2%0%21L°0~
L206602° 0~

0L8Lev0°0-
16568291°0~

£651610°0
788%.%90°0

860%610°C
0DL25%0°0

759858L°0
28429¢0°0

0°0

9461520°0

6886060°0
0902005°0~

§266500°0~
6599¢00°¢

8%0¢102°0~
4248€%0°0

298S199° L~
08s02¢22°0

££4608072-
9s518200°C

7580661°0-
2£64490°0

L991E%1°0
08552900

§98C21L1"°0
9€6268¢2°0

£90%%0L°0
0°0

(& N )
.
oo

’
oo

9021222°0
YELLL9d 2~

26€95233°C
£EBSSYS L~

Licé2llit i~
62£5892°¢

£24682¢L" L~
995662L°0

SLEg29: i~
2550¢00°C

2922260°0~
16602730

28685669°0
¥S790%2°0

Daceoes°i
%6198¢0°0

90%L850°0
g*c

%$69690°0~
9022108" 1L

9862¢61°C-
6599201L°2~

Lego2og i~
62360841~

882266£°0
Si69g8¢°0-

9Lvi2seT i~
61L109.6°0

2691L01L8° L~
629610070

egoegced*o
6186200°0

0656263°C
ogLeeed 0

£evec8ltL
2885680°0

5°0
6€¢2520°0

SO0ON AS

2°0
gosells®t-~
£816183°0

8REBL68"0
169¢6S1°2~
£L19862°0-

282%208°0
296909L° 1L~
€6£S5102°0

0B22884%41
99R.99%"2
§2&%001°0~

sgveselogl
26682.8°0-
78868L22°0~

0°0
78260241~
7611295°0-

J9LL6SY°¢
Lv19s2° L~
§9%1020°0

270
68¢6122°0~
#46903223°0

J2°0
79.089:°0-
SELgeEedt0-

30
69:19L2"°1L
SE82¢€0°0

2°0
2°0
£3°0

XA A"

J*e
04928£0%°2-
6982801°0

1186£2L°0
BLYY99s° L~
9911L£¢2°0

9686£04°0
8€16080° L~
2066042°0

1LS528949°0
6650818°0
SER2SLE"0

0LsL2%?°0
L002948°%2
7125%95%°0-

2LolsglLte
SLv64%4°0-
26291L%.°0-

0986%L5°0-
v802240°2-
£028102°0~

£918l82° ¢~
LBSYCS L0~
0602002° 0~

L97dvstL°2-
Lel2itL®l-
9¢58102°0~

g62g09:°0~
£429822°0-
6226222370

0L388%%"°C
0465C%00°0~
0%%20¢£2°0

¥IAVT 404 0L MO

005629¢°0
€l168LL° L~
9096800°0~

651046870
LC96680° L~
82262100~

95221970
£1240%1°1L-
L%56800°0

£659285°0
29zS188°0~-
265828¢°0

81219570~
€60490¢"Y
ziteszeo

9920819°0~
7L5882L° L~
16589¢€%°0

"S8ESt2 0~
0E0l62L" L~
c2v¢8LS"0~

651292%° L~
£212621°0~
694SLLL°0~

98062LC°0~
7L71689°D-
2616920°C

¥92%23¢° 1
82929¢46°0~
?€260£0°0C

€9122%¢°0
2%52¢00°0-
§420%820°0C

2892sde=C
6122019° L~
*%62200°0

LZvg60€2°C
€485¢08° L~
LZLSLLD®0

LL0OL®80°0
47181260~
02%9s10°C

€egYCO6R"2~
92081L52°0~
§421€600°0~

§064882° L~
9302852°¢
1£85620°0~

SL290SL° 0~
L€26961L°C~
S§20%.5°0~

498¢L8L°0-
29688 90° 0~
89262¢0°0~

2282120°0~
99e&LL1°0-
80.2%22°0~

d229¢212°C
2422081°0~
9182100

€2i8ell"0
23evLee° 0
989%9920°0C

299s%2nt2
2421C30°0-
9L246%920°

[wo3sAs Suriaqunu-uwnfod o3 433 10J 3Tqe] JO Pus 99g]

0E50069° 1L
1£18065°0~
682£200°0

21L28020°0
2192990°0-
£§592210°0

1962862°0~
§710443°0~-
2€52212°0

£201808" L~
048091L3°1L
21982290

42128910
£996682°0
9678620°0

SELES20°D
9L90613°0
678%1¢0°0

6£260£3°0
66%9.618°0-
0662£52°0

£99v62¢°2
S%:6645°0~
2Li2Lézg

LL98225°1
9sc2096°1
22226032

20
€e20¢1Ls*0
Lg€goeDzl*D

Ul
U-
u-

OOoo

212802

(ov61

v6L5Sie"1
L940£0C"D
9522200°0

6521020°C
086%¢£¢0° 0~
92322100

2262440170
pe25PS0°C~
99248210°0

PR SR AN Al B
2.80S16°0-
290¢¢£20°0

0929S00°0~
2Es2140°1L
v@86820°C

02571€0°0
0.%8288"°0
$22¢££0°0

90eL1%920"0
2850269°C
Jzisveo*e

L2lv991°0
si9982%°0
§£J9%¢0*0

e°C
868L¢561°0
26%16¢0°0

0°0
L93é22¢°0
09s%seC 0

0°0
0°0
vEmsselt0

yoien-6¢ 61 Aaenuer) g poriad Jurdund ‘puodas iad 31993 O0Tqnd ur 3pou Aq 134Ael dol o3 moTg--'¢1 9[qel

et

[

ot

o

2

47

1Moy



0°0
c9%562¢°0

°0
8981L78%°0

0°0
£€6356L1°0~

00
9699993°1L

0°0
0g6i82%7° 1L

0°0
LYL6901° L~

J3°0
206665822~

2910922° 1
7618L458° L~

penurluo)-—- (%61 UPIBW~6E6T Aaenuer) g poriad Burdund ‘puodes 1ad 399 OIqnd UT opou Aq I3ABT dOl 03 MOTI~--°¢T °Tqel

J°Q
093steZto

J3°C
?5z671€°0

2°0
S188567°0

J°0
699¢01L°0

3°0
2810096°0-

3°0
PAS AR Rl

A RS TA
26788¢5° L~

L53092L°Q
90988568° 0~

3°0
£8z8¢SLT0

J*9
9e9sSv6L°C

3*0
£8408L2°C

1°0
385%82:°0

30
29248682~

220Cs0tL "0
1040042 L~

sgEzsieL®o
2096414 L~

72€24%92°0-
29LL9¢5° L~

Iz 01
11 01

c*o
64969800

J°0
L960%630°0
2°0
0832211L°2
2°0
9652C¢L°D

0°0
96202%0°0

0gl7920°0
si8s2¢9°d-

§6.CS83°0
80%768.49° 7~

£852%990°0
8968861°0

61 81
6 8

L230432°0
L066973°0

0°0
ogsioee*0
0¢e%9%0°0

3°0

J*0
§098¢2d°0

3°

LeLyLes”® m
StiQgg2d°0-

2°0
$42%8865°S
3oLiizt 0~

3*0
§.58993°"
6LLS6L2°0~

J*0
£046341°0
62LL273°0~

LT 9¢ 6¢ %¢ 4
LT 91 ST 71 £1
L 9 S Y 13
sSIaqunu uwnjod
Y
3°3 0*0
L0%¢%0£°0 £88%04¢°0
3°0 29°0
770 0°0
639%98z°0 §56590€58°0
00 0*0
2°0 3°d
0250265°C 2658C26°0
3°0 9°0
2°0 0°0
661L9%65°0 50910%¢°0-
0915202°0 2°0
3°9 3*0
%260163°0- 0OSL2LE9" L~
99¢6813°0~ 00
3°0 0°0
29326€9°¢ 648LJ¢° L~
6£87€63°0~- 6S5S451L0°0~
*90 2°0
He92998°€-  L7Lletlit0-
92458820~ €6J8000°0~
J3°0 89tLtie*0
28489224 L- 0090626°1-
£2zet2d*0 8835¢20°0

[X4

1 Mmox
A aTdues
o=2 3°7
213 A} LEyiL29°2
2°0 3°0
0°0 J°0
290224970 2828913°0
o0 3*0
9°0 19
620008270~ 92%9693°0-
00 3*0
0°0 3°0
$982L39S"L- 07L0%952°1L-
3*90 2°0
0°0 3°0
8LEL9E9°L- 9§9923L2°0-
0*0 3°0
0-C J°0
L900LsL" - 21J2292°0-
0°0 3%3
2°0 J°0
£99971L1L°0- 2032(%0°0~
t976510°0 6€36612°0
4£%68L1°0 96L2862° 1L
S616248° L~ 8L0%4€L°0-
L£02¢00°0 4232€%3°0

228501

OQO

OOD OCJD OOO

7616¢¢

OOO

8LL%66

OQO

MmO
*

.
0 00O O 0 OO

563¢0¢

271990

£9L2%9

0 Qew o O wnwo o
L ]

8%38L20° L~
0°0

08856671
1252209°¢~
92522s0°0

02

61

gt

PA

9L

st

7L

el

48



£28092%°0-
£960872° 1L

97s8i0t° 0~
£7125600°0-

PANES XA
9948870°0~

60g798:°0~-
78626%L.°0-

§42267¢°0~
08¢2¢€62°0~

9228L31°0-
0%S6E70°0

067LceL 0~
% 1€02%0°0

L7986103°0
€092723°0

30
0742€23°0

[ Ne]
.
0o

QO
" .
oo

61£2260°0~
IR 29 PR Bl

284S181L°0~
0sidetrte

L8S288Y° L~
99789¢0°0

ostLse%2°2-~
£286%67°0

?793¢289°2~
86%%2023°0

lr2igez 0~
2279¢€%3°0

2799278 L~
095£6£3°0

£099223°C
090£9¢2°0

89814¢€3°0
70

WO
.
o

(S NS ]
.
[ Nw]

79228%1°0-~
§gliie2te-

6659451 °0~-
2eL9186° L~

72z70%71°2-
4566829¢°2

L599%61°2~
62822¢7°0

ZL3S%67° L~
§528200°0

€799246° L~
?0%26£2°0

6£l99.9°0-~
£2422283°0

8650697°0
£8809¢€3°0

9462283°0

0726081°0~
L960698° i~

§L566122°0~
686¢016°2~

L€29660°2~
745808L2° L~

2806697° L~
1987666°0~

2088648° L~
61L388L6L°0

95¢6580°2~
0o0L8t0d°0

§9£2269°0-~
7€08203°0

Le%910¢°0-
125685¢0°0

LL388L2°1
06282£3°0

0°0
132%0£3°0

Qo
0
[ej e}

J°0
Lyt~
79969520~

6002168°0
7Le8%8:°2-~
8271675° L~

089%9238°0
1988¢09° L~
£096573°0

$880¢1LLL
4842182° L~
882L0tL"0~

62s00t2°8t
£086S47° L~
L894¢82°0~

0°a
17082602~
22.0245°0-

09L1L8s7°¢
$9%79867° L~
44300030~

2°0
£885%7J3°0~
9s010G60°0~

J°a
7LL29775°0-
£520983°0~

J°0
92z¢943°1L
3280623°0

0°0
3°0
70108220

o]
4886881°2~
§226022°0~

78791590
992468872~
geLer3L*0

2489¢23°0
L7LSLSS° L~
£166808°0

2891047°0
2622417 -
2L3669%9%7°0

6LLSELI"D
LyoL793°t
#S5ei97° 0~

06372.L8°1L
goLsZiz°ti-
99:2i%L°0-

8270630~
hE92961L°2-~
28256103°0~

$2900%7°¢-
0ee27eL®0-
00560202°0~

$659762°2~
9282802° L~
S9%48£02°0~

7662627°0-
6£389L41L°0~
162%0¢€3°0

62521L7¢°0
12609C02°0-
19528223°0

300N A9 d3AVI 401 OL MO

£631662°0
623¢988° L~
208421070~

£7Lle€e 0
285S%07° L~
22:6210°0-

9%9628¢°0
84564821~
41£84500°0

Z08t222°0-
96s8SL0° L~
2885662732

125%966°0~
08¢s¢g2¢L"¢
048423%°0

§6L62¢9°0~
615¢012°2~
£829LL"7°0

Si89ti?2°0~-
L180662° 1L~
822¢925°0~

1256296° L~
£Le2i81L°0-
t7062¢L°0-

7¢7887%°0~
6451822°0~
27298200

4022210°1L
67877L0° L~
9639323°C

272192¢°0
L6%8830°0~
9255920°0

gezzisetLl0
L9S5S82L9° 1~
610s9020°0

gs62%2si°0
68€S0L7° 1L~
£5£7800°0

799¢200°0~
66S1599°0~
t762¢10°0

LR AL VAT AR T
L1758 L~
$9L4010°0~

£6L%451°% -
L56L4858° 7
4879010°C~

L262%¢€2°0-
§2.26%2°0~
$2888L¢°0-~

47.0862°0-
21§62%0°0~
4299280°0-~

6LL2L26°0~
29026%1°0-
lggLeg2 0=~

329464L"°2
487862270~
§622L1L0°0

23%96%st°0
960005¢°0
L981520°0

920%70¢t°2
15210300~
££99¢€20°3

[me3s£s Burisqunu-uwniod 03 £33 10J 9TqEI JO pUd 399G

7€29649°3
26556833° L~
09%92533°0

1908253°0~
99%0223°0~-
L9t2otd*0

22L6SL7° L~
062£282°0-
2E7€5123°0

BE26282°2~
03226920
7992123°0

ZLISL65° L~
i7L6232°0
2£50823°0

29739633°0-
§st688359°0
80t70£2°0

80286%73°0-
26510€3°0-~
997£223°0

2225Sze°t
74897255°0-
0830¢22¢°0

£66%592°1
9L.6267°1
62¢9%00°0

]
1819035°0
15568623°0

3°0
-0
1996822°0

(8661 ioquodag-Kienuel) ¢ poriad Surdund €puod3s 19d 1993 o1qnd UT 9pou Kq I9Ae]

£6382¢%¢°0
6¢£29¢00°0-
3i78900°C

SL592%0°0~
98226¢0°0-~
2847110°0

£85€758°0-~
tLi9¢90°0~
2359100

9L4%628° L~
182¢€225°0-
ts»6120°0

£6368L8° L~
8¢21200°L
4889220°0

26922L1L°0~
46386¢8°0
§8:C2¢0°0

g0Lev€0°0-
49%9826%°0
0£42£80°0

89s08%C*°0
6922S3%°0
959£¢¢0°0

°0
L23892%1L°0
$778¢€¢0°0

2€391L9£°0
9640%9¢0°0

o OO
o

0°0
0°0
47217600

do3 031 moTd--"#T 9T1qel

2t

tL

ot

4

49

1Moy



0°aQ
£82stle"a

3°90
96%9577°0

9°3d
sL8s8e2°0-

0°0
0227798°0

0°o
SLlB638L"L

2°0
7£880%L° L~

0°0
22126622~

£251200°0
80026£0°2-

3°Q
872%012°0

3°0
teel6Lz o

3°0Q
992122%°0

3°0
£5%6295°0

at0
£969023° 1L~

J°0
286.209%°2~-

86%1923°0-
22926%5° 1L -

992.£20°0~-
SSL%LLr°L-

J°0
22885l 0

J°0
L4562021°0

J°0
LL678¢2°0

J°0
0628%992°0

2°0
9LelLet2-

233856%913°0~
4866¢482° 1L~

99969¢3°0~
996s813°2~

%228€%2°0-
7L22601°2-

1z 01
11 01

30
6850820°C

0°0
g§2L2s80°C
g°0
6L9s0LL"°0

0°0
695C8¢1°0

0°0Q
80640LL°0

6221600°0
9otLeLeL°L

L8L%600°0~
£922892° 1L~

2L£§063°0-
6ellvEsL L~

6T 81
6 8

J
3
o
0*
282512
£383¢%0
470591
?%323¢

. .. v v
C) QQO OOQ [oJoNe) ocooQ

?9%6%S

U UDU omo
(]

92042%90°2
6001£%3°0

J3°0
L§2S6L%°¢
94%0920°0

3°0
19887721
24041233°0-

°0
?816£54°0-
0L2LL?L°0-

panuriuod--(8G6T

LT 9¢
LT 91
L 9

St Y%t et
ST 71 el

Y 1

siaqunu uUWNTo)

1 K9y

§3L0¢6

9689579

DI"IU QNU
.

o OOO OOD OOCJ

985266

UV\U

Q
L

2035625°0
2£08222°0

J2°C
§515260°0-
§%282413°0

2°0
9€2022¢°2
825%800°0

2°0
2588929°¢~
82¢9800°0~

2°0
88.1.2860°2-
2898223°0~

2582829

L5l

651054

621203

o r-O UOO OOO ODO OOO

o
m
o
o
Ls*
0°
0°
§2LL998"
0°
0*°
6¢°
9°
0°
%*
o
3°

095206%° pl
0%22500°0

0°0
£652421°0-
98£52200°0

9292292°0
373¢g£50°2~
£07¢130°0

(A4
71 MOI
A a7dues
0°o 3°3
8388LLY?%°0 82:L4€9%°0
0°0 2°0
2°0 J°0
299SLL9°0 094%281L¢°3
0°a 2°0
0°0 2°2
L76L1L3¢€°0~ §€S241%3°0-
0°0 3°0
g°0 J°0
LL7096G°L- GSESL9SE L~
0°0 2°0
0°0 2°2
94222291~ L0Dz08%98°0-~
0°0 J°0
3°0 J°0
L96S0€8°L- 2£J32¢%9°0-
0°0 2°0
0°2 l°0
228162L°0~- 9¢.9962°0-
4269LL0°0 2618%1L3°0
§229%LL°0 1£2226%°0
61L16596"L- LB8LSSHL"D-
SLY81L00°0 2251280°0

Iaquadag-Axenuer) ¢ poriad Zurdund €puodds Iad 393F OFQNDd UT apou Aq xaAeT dol 031 moTd——"%T

Jelttl
L7612

?51LS0Y

o
Le*
o
o
9°
0°
o
96°
0°
0°
678892¢°
0*
0°
§230682°
o

0°
1234909°
o

0°

o

rL9922
o

OPO DOQ 0 "D o:—o OQO QOO OOD

00L2¢12°0

98L9259°2~

£9695%0°0

aTqel

nz

6L

8l

21

9L

St

7L

50



0088830~
L757¢92°0~

5962452°0~
LE2L920°0-

L82899L° L~
1091L30°0~

LSLLis2°0-~
89¢49.98°0~

6L29682°0~
895.842°0~

?89251L°0~
0.£84¢0°0

?89%96¢2°0~
J§4%0%0°0

Li2%2193°0
7¢£49¢80°0

0°0
1750€22°0

SlveLd3°0-
SL3760L°2~

7¢3889¢L°0-
2£€860L4°0

02928¢%" L~
81¢8¢00°0~

3%089st°2-
2783L5L7°0

£628LCI" 2~
44568102°0

24958592°3~
§93946¢3°0

LE78821L° L~
§9589¢3°0

94928S0°0
L29%%¢3°0

266%193°0
3°0

0o
L ]
[o N e}

[ ]
[
(e N el

§£624221°0~-
g92257¢° 2~

€7L9t2L°0-~
9L5%983° 2~

6%3C%93°2-
1099980

sQ989§L "2~
gLLEE79°0~

?LLSE0S L~
0%9£233°0

L0869¢7° L~
LLSSSE3°0

G852291°0~
07426€2°0

y212982°0
Si729€3°0

7258693°0
2°0

(SRS )
.
[e Ne]

.
Qo

9936881 °0~
32¢1208°2~

IL%L92° 0~
62325¢8L°2~

gLizggsdt2-
7L01228° 1=

glZisit i~
9689929°0~

LevLoLg= L~
091686%°0

0ogg0ed"2~-
7€29100°3

962612¢°0-~
$9%9200°0

7€75¢51°C~
2¢08%¢3°0

950£89%° 1
13982¢3°0

29°0
SoLete0"0

2°0
Lseeosti z-
59815699°0-~

S7z8263°C
07568¢8°2-
geEPL258° L~

S981%03°0
260%L568° L~
#93%902°0

2510622421
9376122° L=
£012021°0-

20¢102°81
L6785l L~
J389.0562°0~

3°9
910Ce?0"2-
204iSiLy» 0~

09LLss57"¢
§9LE82S° 1L~
80£1000°0~-

00
0631L9¢2°0~
9$91003°0~

J°0
2Li226%°0-
§¢59520°0-

g*0
1628183° 1L
28LLLzd°3

J2°0

0°0
mmomomo.o

oo

300N AS ¥3AVI

2°3
SEY8962°2-
6276621°0~

612820270
9L109%3°2-
956392%3°0

0L22983%°0
9258996"° |-
9692561°0

99156430
1248995°0-
0%8¢88¢°0

599224290
£24662L° 1L
4L292.%°0~

0912¢85°1L
osZitit -
9642¢€5L°0~-

08¢L%83%°0-
L7%2721°2~
%920203°0-

982672l ¢~
2Z1LidLL 0~
8566000°0-

LEJEYN2 2~
g98¢€LLL° L=~
12£48830°0-

69189¢€2°0~
$§9046¢€1°0-
2380122370

43109%£°0

476C%03°0~
2630622°0

d0L 0L MO74

gL3eLLe"0
46202560°2-
0L12810°0-

299995¢°0Q
2981899~
297¢€22°0-~

99:13%°0
1252677 L=
§s2si00°0

59.81L90°0
2.€8680° L=~
9giLeLse 0

28599.5°0~-
6§12006L°¢
68381L2E°0

16,2690~
?891090° 2=
693896¢°0

8570892°0~
9600252°L-
LgotL2Zes C~

%25¢082° 1L~
L6563¢L1°0~-
L0¢07L°0-

26LlgLe"0~
§29¢LL"0-
212¢€620°9

SO989LL" L
2128964°0-
6676822°0

sOL6Lce"0
14388000~
292£4920°0

8964851L°Q
L129856° 1L~
%£€29133°0

12188¢21°0
8LESHSS" L~
¥1SLS0C"D

202%820°0
0219608°C-
8L680L0°0

£E6L6IL ¢~
97062L7° L~
0s%L2L2°2~-

L2965%99°2-
0%eLL’Lty
99¢4L10°0~

§821L%732°0-
990652¢2°C~
siv3¢Be0-

£3J96822°C~
04459%0°0-
£286001L°0~-

£59%4465°0~
s6sLYel 0~
2460%682°0~

L6Lceslo
L?250512°0-
9360410°0

L50683L°0
£7€8SLE°0
1522623°0

£2929£2°2
£441000°0-
2i2i¢e20*0

[we3s£s Suriaqunu-uwnyod 03 L3 103 I[qEI JO PuUd 993S]

L22e925°Q
699196z° L~
203072320

€8112¢3°0~
§91LL932°0~
1§66232°0

692¢39L° L~
89¢01563°0~
L64181L0°0

2992L95° L~
2892¢37°0
£037513°0

2650645°0~
LiLeig3ta
9929230

95695530
£E£57925°0
8867622°0

§%33023°0-
0s2t10£3°0~
LbLLLed®o

LLssgs9° L
9626265°0=-
767LLLE°0

L5592235°1L
££50225°1L
002%2%22°0

3°C
86%5£358°3
06325223"°2

3°0
J°0
98168223°0

98J8%¢€L°C
8Ls%810°0-
#538600°0

982220070~
19£2¢50°0~
s%¢1010°0

3039262°0~
94286200~
?%31510°0

7598882 ° L~
2r5L9L0° L~
8%¢9020°0

6LL89L%" L~
6470L56°0
2056929°0

9630090°0~-
£950218°0
LsELLe0°o

98¢€2600°90
L5619¢%2°C
%6£52¢80°0

2628280°0
L16€L68°0
9508280°0

0°o
203828L°0
i8E%¢£0°0

0°9
L%£985¢°0
L692850°0

0°0
0°0
25%8¢¢€0°0

(Z/61 1oqueoag-Lxenuer) 4 poraad Jurdund €puodas iad 1933 JTqnd uf Ipou Kq xaKey doj 03 molji--"GT @Iqel

2t

Lt

aL

4

51

1Moy



0°0
LsLs822°0

0°0
275650280

0°0
0l2388¢°0-~

0°0
L8%€%C%°0

0°0
65622%3°0

0°0
65219021~

0°0
202292¢°2~

9rersee=0
2Lgv9sL 2~

J°0
2794261 °C

372
9ev£002°0

J°o
§132862°0

0°0
7e20elz2°0

0°0
6S0%%7%3° L~

0°0
657£908°2~

2£%2602°0~
€0528¢45° L~

208€£903°0~
2€62962°2~

J°0
029%00L°0

30
0499s2L°0

0.
i

[
oo

s0s008

a*¢
2682¢02°0

2°0
34T ITARE

2420802°0-
gLélely°i-~

12612329%°0~
s06932¢°2~

L498L82°0-
LogsL2L "2~

Iz 01
11 01

0°0
LSELLGT"0

0°0
S8%%290°0

0°0
§616080°0

0°0
LLe8L60°0

0°0
8%26150°3

8628400°0
9LLLEL"0

89¢¢¢10°0-~
SEE661L2° L~

S689890°0~
8979¢£99° i~

61 81
6 8

(SRS RS ]
.
[o=}eNe)

D
D

§6es5%22°0
JedstLed0

0°0
8899292°0
FEILSEITO

2°0
2°0
9¢31%£2°0

J°0
08268L2°1
38¢651L0°0

270
S0L6616°1L
L94%L00°0-

3°0
L0g8es0° 1
£022%700°0-

20
S0stes6°0-
S056£652°0~

panuYIu0d--(z/61

Lz 9t
L1 91
L 9

YA ¥4 £C
ST yal €1

4 €

siaqunu uwnio)
Aoy

3°0
96666£2°0
2°0

J°0
0sL4%13€°0
J°0

2°0
28891L9%°0
J*0
0°0
L"0

0e6d2l
26601100

3°2
082929170~
0361£00°0

2°0
Si3Lisztt
£59SLL2°0-

3°0
9209£69°¢~
§9241%0°0-

3°0
8652983°2-~
?5¢%£80°0~

QQO

22896

.
QDD QDQ

82LislL

209281

L]
0 Oro ooo

9LE0¢lL

81Ls22s

Q Ouno Omo ero ovo oNo
.

28388S9." 1~
2819630°0-

0°0
£592891L°0-
Ls9¢9i0°0-

L52068%2°0
0l2.081L°2-
£€SY5L00°0-

(44

71 Mmox
7 a7dwes
0°0 3°0 0°0
§S7608€°0  ZEYSLSET0  0210L1L£°0
0°0 3°0 079
0°0 2°0 0°0
L2878E5°0 ?0%1385°0 ILe80L9°0
0°0 3°0 0°0
3°0 0°0 0°0
66LL285°0- %S8095E2°L~- 02%2049°0-
0°0 3°9 0°0
2°0 J°0 0°0
2L68169°L- %0222LS5°L- 69%059%°L-
0°0 3°0 0°0
0°0 2°0 0°0
659LE8L° L~ 299€lL8°0- %2999%8°0
0°0 J°0 0°0
0°0 J°Q 0°0
20001L66° L~ L769€5L°L~- 6E18612°0
0°0 30 9°0
0°90 2°0 0°0
2E7925L°0~- 20%8080°2- 8L38%27L°L-
£692¢00°0- 829£500°0 00
628SSEL"0  £62£93L°0  9£3601L5°0
8978612~ GOLE0PL°0- 9£5986L°2~
3790000°0  £LLY8L3°0 421L%8£0°0

Ioqueoag-Aaenuel) ¢ poriad Surdund €puodss 1ad 3893 OTqNd UT Ipou Aq 19AeT do3j

03 mOTd--"GT STqEL

)4

&1

gL

Ll

9L

Si

7L

1 43

52



01L€2408°0-
2LrLeedztL-

6823%.0°0~
8622220°0~

LS1L082L° 1L~
L?%62450°0-

80%3490£°0~
£6909462°0-

§236L52°0~
L5216%2°0~

?959¢21°9-
Li28L%0°0

L216630°0-
18820%0°0

0832950°0
0042:20°0

2°0
§£$8220°0

21286600~
£900623°2~

491548170~
£€861995° 1L

292029%° L~
2062523°C

782E188°2-
LoL0tLes g

0497686°2~
4271232370

6021922°0~
§£3¢0%3°0

2%%9602° L~
322658270

2050%53°0
86292€2°0

98€6461°0
3°0

.
oo

.
oo

”2L7LS51L°0-
2385822~

61548%7L°0~
903%923°2-

g7z220L°2-
2sioLoe"t

22801022~
$L90216°0-

SE91805° 1L~
L752233°0

602385 L~
3608:2£3°0

25L%962° 0~
S7€L2Zel*C

2£€582L2°0
L225623°0

294199370
3°0

8388.8C0¢° 0~
861286672~

LL99922°0~
7047102°2~

9099680°2~-
83L2213° L~

L7981LEY L~
§92¢£629°0-

gLL6793" L~
66%6527°3]

L268L282° 2~
gLL7L00°0

L29%50%°0~
0212200°0

28%9251°0~-
5886%20°0

0L0S61L%°L
2202¢10°0

0°0
99%%900°0

3°0
2I65L61° 2~
{896953°0~-

9250£68°0
988£662°2~
4118328° 1~

$985£28°0
61126391~
2852450370

5182221
2El¥3%2° 1L~
0%9992L°0~

L939%32°81
2252289 L~
288952°0~

J°0
223082372~
£382273°0~

0911659 ¢
L3285 L~
£2%9003°0-~

J3°0
LEES6E0°0~
9£90103°0~-

3°30
?1245L€°0-~
3E99%53°0~

2°0
lrelE9ldi
S813%30°0-

3°0
J°0
2LLLL3D°)

2°0
262380¢°2~
37e9838L°0-

278C467°0
7¢2.360°2-~
28299020

§22508%°0
BL99263° L~
069LS2L°0

8250929°0
£422207° L~
€23929:°0

£23¢€929°0
L99L27° L
983138L%°0~

§L582¢5°1L
2792LSL L~
435389L°0~

029188§%°0-
0590712~
L£35233°0~

9€78397° ¢~
329982L°0~-
8¢72103°0~

Ssitgg2 2~
L22LE6L° 1L~
LL992LL0°0-

L9&129%2°0~
LL98Lsi®0-
00s9LLO°0

99292%7¢°0
2¢€60933°0-
239189330

3CON A8 ¥3AVI 401l 0L MO

265501¢€°0
30990212~
L971€€3°0-

00sg8%e"0
212G0832° L~
6722¢¢0° 0~

0L%els€°0
€L5166%7° L~
6§235200°0-

048€423°0~-
67%L3¢3° L~
oLziete-e

2450%985°0~
002L%59°¢
6751sz2°0

9024859°0~
7Le9LSL 2~
L75999¢°0

Li9L5%92°0~
SALLLLZ L~
3771L¢96°0-

8.40SL8° L~
L0s908L°0-
1%2.8%2°0~

9E928%9¢°0-
86368220~
L46%610°0

§606960°1L
0961900° L~
LE7éS5L2°0

12590880
1258¢30°0~
SL5L€L3°0

982618L°0
L0Cg2ss° L~
€212900°0~

§0LLLeL0
62228251~
2422200°0-

6185120°0
§096068°0~
£76%500°0

652828L°¢~
21929502~
oLé8sL0°0~

68LLeTL*2~
10%928%3°
9L8¢210°0~

68%46832°0~
gzogLy2°C-
232286¢°0-

£7992£2°0~
L89€290°C-
oL2ed2L"0~

L6669%9°0~-
Ligsve L0~
28£98222°0~

22zLsitg
?629%22°0-
132¢010°0

o9L4927L°0
6§9855¢°0
296991L0°0

9LLLBLz e
2521330°0-
LLL971L0°0

[wo3sfs Burisqunu-umwniod 03 A3 103 d[qe3 JO Pud 33S]

8990893°0
9¢z0LLY L~
4188232°2-

92.96¢2°0-
§2LLLsl°0-
251LL€33°0-

6699062 L~
0058062°0~
8552622°0

£329035° L~
S§Lz022%°0
LL5L713°0

2LLs652° L~
963.83%°0
0%i%223°9

2971L0%20°0~
9LLLNLSTD
6919523°0

§2J8%23°0-
07L€t:8°0-
2286422370

9692779 L
LL69956°0~
8€56952°0

0g3Ls83%°1L
LLsstsyt L
£€296133°0-

2°0
£990L36°0
2132123°90

%2
3°0
0L%20323°2

8928¢%s°0
»$J1020°0-
22361000

56506L0°0~
£631250°0-
3045%00°0

§202218°0~
9€2%220°0-~
822¢600°0

§92¢8924° L~
€ES5L970° L~
#0L0610°0

152288%° L~
451€98%°0
Iz tiLec 0

£0£8990°0~
§32£228°90
§936520°0

9829¢€00°0
08392%%°0
L919920°0

215€820°0
2856%6€°0
94%¢920°90

0°0
2s221L8i*0
07z1920°2

0°0
?982L68°0
0139s29°0

0°0
c°0
§8J€620°0

(/161 1aquadag-Kaenuer) ¢ poriad Jurdund ‘puodes 1ad 3893 OIQNd UT Ipou Aq I3AeT dO3 01 MOTI--°9T 3Tqel

~
-

Lt

ot

2

53

$ Moy



0°0
6%71L012°0

3°0
02¢2262°0

0°0
854885£°0-

g0
£lg6ssr 0

0°0
0t22¢98°0

n°0
L562886L"° L~

g9°0
65t6%2¢°2-

8988.4%0°C
l2geoLete-

0°0
?9¢06¢L°0

3°0
6861€3L°0

3°0
0Ls0Lez-o

J°0
?6160S£°0

J°0

L786%7s0° L~

2°0C

2L6¢899° 2~

csoL%93°0-
0859945° L~

486%5€3°0-

£€916600°2~

J°0
4801883°0

J*0
6356%0L°0

J°0
78LiL7L°0

3°0
79%6501°0

0°0
geo2tLtyt2-

€€8¢2%0°0-
716887 L~

SELE590°0~
904884272~

8626€L2°0-
22969822~

1¢

J°0
890L5%0°3

J°0
?5642150°0

370
2278¢£93°3

2°0
049574070

0°0
S7L7£90°3

L190¢€L0°0-
298%99%°0

€8¢S%¢0°0-
SL0Ex99° L~

709%583°0-
2027¢€¢€°0-

01
11 01

61 81
6 8

749882270
2LeLrs2l0

2°0
£77¢392°0
248822370

J°Q0
0°0
9882529°0

2°0
99z2iBE"L
S1J6633°0

2°0
20£58¢6°0
¢L%0820°0-

J°0
a7zLLsE"0
¥828930°0-

3°0
I7898S L L~
S282282°0-

LT 9¢ Y4 %l
L1 91 GI %1 €1
L 9 S K €
siaqunu uwnio)d
: K9y
J°C 2°0
LL51292°0 025%%82°0
2°0 0°0
00 0°9
£el290z°0 4822027°0
J°0 2°0
3°0 0°0
99%62L7°0 60589220
J°0 3°0
J°0 0°0
§5J3%L08°0 SLL1e0S8°0-
§035502°0 0°0
J*0 29°0
OEL??9L°0- §£89967S° 1L~
S4%7%¢32°C- J°0
J°C 0°0
93etLL2d°tL £239992° 1~
9928527°0- 2928820°0-
30 0°0
7€68L0L4°¢- LOSS97L°0-
4966593°0- £5998S0°0-~
g°0 697C3s2°0
2289860°2- €276946L°2-
9S47gLL°0~- LS§S9L00°0~

panuyauo)-—(//6T

1 ¥4

(44

1 Mox
7 aTdueg
270 30
0ES09%¢°0 28322920
0°3 3°0
0°0 3°0
LL20sES 0 §238325°0
3°0 30
0°0 3°9
082722670~ L9%04%0° L~
g°0 3°0
0°0 3°0
4799789 "L~ %926036° L~
0°0 2°0
0°0 3°0
822S29L°L- 8992735°0-
0°0 3°0
0°0 3°3
0249876° L= LiLFLL7L" L~
0°0 3°0
0°0 J=Q
60£9261L°0- ¢g€lLLg082°0~
8920s80°0- 0st0022°0-
9448821°0 928CS29°0
639%¢71°2- 99.2171°0-
41£2%00°0- 8650%920°0-

o°C
728498270

0°0 0¢

0°0
L732481%°0

0°0 61l

0°0
¢0L20ieco-

0°0 3L

0°0
si38e9%° L~

00 Lt

2°0
261£998°0

0°0 9L

g°0
0Sst76e2°0

0°0 St

0°0
72L9Letl° L~

-0 7l
186%82¢°0
9S5126892°2-
£9%%9600°0 12

Iaqueooag-Aienuer) ¢ poriad Zufdund €puolas 1ad 3993 OTqnd uf 9pou 4q

I924Ae] dojl 03

MOTI--"9T °IqEL

54



Heads and Drawdowns

Computed heads and drawdowns are shown in Supplementary Data III.
Drawdown equals the starting head for a given layer in a given pumping period
minus the final head for the model run. Because the source data are shown in
the head matrices, only contours are shown in the drawdown maps (figs. 8
through 15).

Figure 8 shows a shallow cone of depression in layer 1 for pumping
period 2 (1939-40) with two centers adjoining Pensacola Bay. Figure 10,
representing drawdown in layer 1 for pumping period 3 (1958), shows that the
two centers of drawdown in the previous period have shrunk, have shifted
slightly northward, and have been overshadowed by a much deeper cone of
depression near the center of the grid. This new cone is the result of the
near-maximum pumping rate (later reduced) for industrial purposes near Canton-
ment and the early stage of industrial pumping near Gonzalez (fig. 1).
Figure 12, representing drawdown in layer 1 for pumping period 4 (1972), shows
a shallowing of the cone of depression in the center of the grid and the
development of two separate centers. This is the result of the reduction in
the pumping rate around Cantonment and continued pumping near Gonzalez.
Centers of the two cones in the southern part of the area have shifted slight-
ly northward, but have deepened. These changes reflect increased but more
dispersed pumping for public supply in and around Pensacola. Figure 14,
representing the effects of pumping on layer 1 in pumping period 5 (1977),
shows a similar pattern to that in figure 12, but the cones have spread and
deepened. This reflects the continuation of the trend of increased but more
dispersed pumping.

Figures 9, 11, 13, and 15 show drawdown in layer 2 for the pumping
periods 2 through 5. The patterns of their cones of depression are similar to
the corresponding ones for layer ! in figures 8, 10, 12, and 14, but the cones
are somewhat shallower and less widespread. According to the model, under
steady-state conditions the water table is drawn down one-half to two-thirds
as much in the centers of cones of depression as the head in layer 1. Draw-
down of the water table is difficult to compare with long-term water-level
records because data are scarce and difficult to use in calibration because of
variations in the water table with topography, precipitation, and evapotrans-—
piration.

TESTING

The model calibrated for 1972 pumping, was tested by comparing its fit to
observed data under other conditions of stress. The pumping periods selected
for this purpose were period 2 (January 1939-March 1940), period 3 (1958), and
period 5 (1977). The 1939-40 period differed from 1972 in that industrial
pumping had not yet begun in the Cantonment and Gonzalez areas (fig. 1), but
pumping rates were higher northeast of the Pensacola Naval Air Station than in
1972, The City of Pensacola public-supply wells, although they pumped much
less than in 1972, were concentrated around the original water plant (node
16,9). Data for the 1939-40 period are mostly from Jacob and Cooper (1940).
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During the 1958 period, pumping at Cantonment was near its peak and was
substantial near Gonzalez. Total pumpage and distribution of the Pensacola
public-supply wells were intermediate between the conditions of 1940 and 1972.
The principal sources of data for this period are Musgrove and others (1965,
1966) and long-term records of observation wells established in 1939-40.

By period 5 (1977), pumping centers not active in 1972 had developed and
pumping generally increased, with local variations. The sources of data are
the current investigation of the sand-and-gravel aquifer, long-term
observation-well data, and the statewide water-use program.

Tables 17 through 19 list the sites used as control for the head of layer
1 in pumping periods 2, 3, and 5, respectively, nodal heads estimated from
observations, and nodal heads computed by the model. Figures 16 through 18
show the same data graphically.

The equations of the regression lines and the correlation coefficients
are:

Pumping Period 2, January 1939-March 1940
y = 0.8462x + 0,1597
r = 0.916
N = number of data pairs (14)

Pumping Period 3, January-December 1958
y = 1.87 + 0.8011x
r = 0.974
N = number of data paris (24)

Pumping Period 5, January-December 1977
y = 5.26 + 0.84x
r = 0.958
N = number of data pairs (34)

These compare fairly well with the calibration regression lines and
correlation coefficients, and therefore, the testing of the model shows that
it produces usable values within an acceptable range of accuracy for the
magnitude and distribution of pumpage to date.

Model Sensitivity to Changes in Input

A sensitivity analysis was included as part of the calibration of the
model in order to determine the importance of each parameter in affecting the
head. This procedure tests the effects of varying each input parameter while
keeping other parameters constant. A multiplier is used to either increase or
decrease the calibration value. Five parameters were varied in this manner:
TK matrix, horizontal hydraulic conductivity of layer 2, transmissivity of
layer 1, recharge, and river leakage. The results indicate deviations from
known head caused by varying each parameter. Of the five parameters studied,
the model was most sensitive to recharge. After recharge, layer 1 is most
sensitive to changes in TK, its own transmissivity, and horizontal hydraulic
conductivity of layer 2, in that order. After recharge, layer 2 is most
sensitive to its own horizontal conductivity, followed by changes in TK. Both
layers were least sensitive to variations in river leakage.
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Figure 8.--Drawdown for layer 1, pumping period 2 (January 1939-March 1940).
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Figure 10.--Drawdown for layer 1, pumping period 3 (January-December 1958).

59



09

L 91‘3.'_»‘_ s_rv’us‘ o gl"go‘ " r'lns_'. 87+10° a:*los'
B L Loy
i, ALABAMA ' .
¥e0 L R N 7 Ay P e T ) Zuh I D N v“""""""l"’
) ) \ ! . ) "-'
\f : ’ c\Ermmi} "
& E NG S e G Z RS
' =T T T
, \ A
. | / |
b ! ¥
30°55} & 1
/ M e
; WALNUT b
) HILL
t H
/ ) \,/ \ §-
{ U S LY AN + -
\ Q i 1 -
—L—( z P L | ] \ }‘ - — - .-
30°5V L. ¥ S ‘
R
RN 5
.' ‘ Il
N i../ } B \ b
\ | SN ) S
! ) ] < W
s ' ‘ . .- N g 1:‘
. \ 2| i 5
30%4s'}- < - ( \4
B -
< v ‘@ N {a; N ) i \ (- _ 7
¢ ol A N S Ly
‘7“' 00‘)2 ¥ : N ?n
v he (] i |
2a| | ™
30%40'- — = L —1
23
— |- —
22
21
20 )
19
30°35'+ —t- -]
i8 R
o N
16 ) N
—1 it
i5 A A R
I | - =
} 14 \ \ ,
307307 EXPLANATION sl Sl "“
—1— Line of equal draw- /*‘
down (from 2l |
unstressed condi- " I
tions), in feel. N
Interval irregular 10 !
== === == Model areo - Y
9
30025} |
8 ~ 7/
4 —-ﬁ-i ] ] " P
el |- o
[ o —g-i w7 gosA
5 - 'ANTA—"./-"
VR Bl o A= - uND
, . SOU g
. 4/ \90 L
szl B Dot <=atn
(' \"ﬁa - .(OQA
o =g} =] deo MEX'CO
v f ' (3
| culL +——+——t1 | 1
[}
B S G W U NN VUSSR GV SU NN D BN G NN B
I 2 3 4 5 6 7 8 9 10 1i 12 13 14 15 16 17 18 13 20 2
S S ——— e e e b — L. - —_— b L | —_— — =t

Figure 11,--Drawdown for layer 2, pumping period 3 (January-December 1958).
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Figure 16.--Observed versus calculated head values, regression line, and
confidence band for layer 1 for pumping period 2 (January 1939-March
1940).

The sensitivity analysis results for the recharge parameter are most
clearly shown through graphic representation. Inasmuch as the model was most
sensitive to recharge, only those results are shown. One north-south and one
east-west cross section of the model area were included in the analysis. The
north-south section (section A-A', fig. 1) along row 9 was chosen since it
runs parallel to the Escambia and Perdido Rivers. The east-west section
(section B-B', fig. 1) was chosen along column 7, which includes major pumping
and an observation well. Each figure depicting either layer 1 or layer 2
shows a generalized land surface using the mean altitude of the node rectan-
gles and significant topographic features. Also shown are plots of computed
heads from pumping period 4 with one line showing the heads as calibrated and
two other lines showing the effects on the head predicted by increasing and
decreasing recharge. Control values, which are adjusted observed heads for
layer 1, are shown by large triangles.
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Figure 17.--Observed versus calculated head values, regression line,
and confidence band for layer 1 for pumping period 3 (January-December
1940).

Whenever a node in layer 2 goes dry or the head drops below the bottom of
the layer, the head plotted is the value of the altitude of the bottom of the
layer for that node. When this happens, the node is footnoted, since the head
plotted is not meaningful at that point. Also, although the figures may show
a certain number of nodes, not all are within the model boundaries. No values
are plotted for nodes outside the boundaries.
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Figure 18.--Observed versus calculated head values, regression line,
and confidence band for layer 1 for pumping period 5 (January-December
1977).

Figures 19 through 22 show fluctuations in water levels caused by
doubling recharge or by decreasing recharge by omne half. Figure 19 shows the
effect of varying recharge on heads in layer 1 along row 9. Figure 20 shows
the effect on heads in layer 2 along row 9. In this figure, nodes 19 and 20
go dry under decreased recharge. Figure 21 shows the effect of varying
recharge on heads in layer 1 along column 7. Figure 22 shows the effect on
heads in layer 2 along column 7. Figures 21 and 22 show water levels above
ground surface in some areas, under an increased recharge rate.
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Model Sensitivity to Changes in Boundaries

Testing indicated that the model, over most of its area, is not very
sensitive to the limited extension of the eastern and western no-flow bound-
aries, either with or without simulated pumping, at least for present rates and
patterns of pumping.

The test procedure included extending matrix values of transmissivity of
layer 1, TK, hydraulic conductivity of layer 2, and altitude of the bottom of
layer 2 to the outermost row and column of the grid. In layer 2, the northern
constant-head boundary was extended eastward and additional constant-head nodes
were added to simulate sea level at Escambia Bay. The simulation of river
drainage was not extended into the previously unmodeled areas, but recharge to
these areas was adjusted during trial no-pumping model runs until heads in
layer 2 roughly approximated the water table, as estimated from topography. The
water table thus generated was too high in many of the nodes representing the
lowlands along the Escambia and Perdido Rivers and probably too low in many of
the nodes representing the highlands, but further refinement would have required
changing other parameters, for which data were lacking. Another reason for not
continuing to improve the fit of the simulated water table to the topography was
that the trial process had already shown that the head in the original modeled
area did not change much in response to changes in water table in the extended
areas,

In addition to the no-pumping case (pumping period 1), the sensitivity of
the model to expanding the no-flow boundaries was tested for the conditions of
pumping period 5 (representing 1977), and also pumping period 5 with the addi-
tion of two hypothetical pumping nodes outside the original modeled area:
1.1 ft3/s at node 2,8 and 11.3 ft3/s at 20,19.

The three sensitivity runs showed that from 2 to 8 nodes in layer 1 in the
original model area changed 10 feet or more as compared to the final head of the
corresponding calibration run, the maximum change being an increase of 21 feet.
About half of these nodes were outside the area of principal interest. Most of
them immediately adjoined the eastern no-flow boundary; the others were the
second node from the boundary. Most of the other nodes had head changes of
3 feet or less; many had no change. The changes were predominantly increases in
head. The run with no pumping showed the greatest change, and the run with the
outside pumping nodes changed the least. In all the runs, none of the nodes in
layer 2 had head changes exceeding 10 feet; most changed 1 foot or less.

The sensitivity analysis showed that the east and west no-flow boundaries
affect simulated heads in layer 1 of the model, but that the effect is moderate,
at least for present rates and patterns of pumping, and largely concentrated in
the nodes immediately adjoining the eastern no-flow boundary. The extent of
sensitivity testing of the west boundary was limited because only 1 to 4 nodes
were available along each column on the existing grid to expand the western
boundary. The areas of greatest concern for boundary effects are to the east
and west of the St. Regis pumping near Cantonment during the 1958, 1972, and
1977 simulations. If the model is used for predictive runs, additional pumping
near the boundaries may result in larger errors, at least locally. The results
of the sensitivity testing suggest that model boundaries are reasonable, but
better simulations could be achieved by expanding both the east and west
boundaries.
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FURTHER DEVELOPMENT OF THE MODEL

Storage Coefficients

The present model is suitable only for steady-state simulations. For
transient-state simulations (those involving the effects of stresses before
steady state is reached), storage-coefficient values must be added. Aquifer
tests have indicated a storage coefficient of about 6x10 for layer 1.
Storage coefficients for layer 2, on Ege other hand, may range anywhere from a
confined aquifer value of about 6x10 to an unconfined clean-sand storage
coefficient of as much as 0.3.

A drought period with no ground-water recharge would provide the best
opportunity to estimate storage coefficient. Under these conditions, various
values of storage coefficient and computed ground-water-level recessions may
be compared to observed recessions. Use of a drought period eliminates the
need to estimate recharge.

Refinement and Expansion of Grid

Heads would be better defined, and comparison of measured to calculated
heads could be more precise, if the model grid were finer in the area of
interest. The existing grid rectangles could be subdivided into quarters in
part of the grid. New input matrices would be required, but they could be
coded easily in most cases by repeating the present node values. In order to
obtain full benefit from increased precision after subdividing the grid, the
model would require recalibration.

The simulation would be improved in some areas if boundaries were moved
to include western Santa Rosa County; eastern Baldwin County, Alabama; and
northern Escambia County. Although well and test-hole data have been col-
lected covering parts of this expanded area, some additional data collection
would be required.

Infiltration Basins

Infiltration basins have been developed for surface drainage around
Pensacola by minor modifications to existing natural topography and abandoned
sand and clay pits. This is a convenient way of disposing of excess storm
water. The basins locally concentrate and increase recharge and affect the
water budget and distribution of heads. Infiltration basins are not con-
sidered in the existing model, but could be simulated as: (1) recharge wells
in layer 2, (2) locally increased recharge (QRE matrix), or (3) as rivers.
Only recharge wells would be time-dependent, but a constant recharge rate
would have to be estimated and applied for a whole pumping period. The effect
of a constant head over a small area could be simulated with the RIVERS
option, with the rate and direction of flow depending on the position of the
head in layer 2.

Simulation of Streams

The present model treats most stream nodes so that they can receive
discharge from layer 2 if the head in layer 2 is above the river water level
RH(NRIV), but cannot recharge the aquifer, because they have zero water depth:
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altitude of river bottom RB(NRIV) is set equal to the altitude of river water
level, RH(NRIV). Streams that gain water under natural conditions may either
cease to flow or lose water where they overlie cones of depression produced by
pumping wells., If the water table is drawn down below the stream level, the
stream will no longer receive discharge from the aquifer and may cease flowing
(except for storms) unless sufficient streamflow is available from upstream to
maintain it., If this occurs, such a stream will then recharge the aquifer.
These streams might be simulated better by coding the altitude of the river
bottom below the water level.

Elevenmile Creek was treated in the same manner as other creeks in the
model, with the altitude of the bottom set equal to the water level over most
of its length, using the RIVERS option. 1Its discharge, however, does not
represent natural conditions; it carries large volumes of treated industrial
wastewater that originated as ground water pumped from layer 1 around Canton-
ment., Its upper reaches consist of a series of settling basins for treatment
of the wastewater. Refinement of the model may require further study of this
stream and its effect on recharge.

SUMMARY AND CONCLUSIONS

. A two-layer three-dimensional digital model has been applied to the
sand-and-gravel aquifer in Escambia County with certain simplifying
assumptions. The principal assumption is that all large-capacity wells
in central and southern Escambia County tap a single, continuous
traceable zone within the aquifer (the main-producing zone) that can be
treated as a discrete, leaky confined aquifer (layer 1). Layer 2
represents the overlying remainder of the aquifer, which includes
discontinuous unconfined, leaky confined, perched, and confining zones.
The two layers are hydraulically coupled in the model by a leakance
(TK) matrix, in which storage and horizontal flow in the discontinuous
confining beds are assumed to be negligible.

. Flow in layer 2 results from: (a) recharge that represents precipitation
less direct runoff and evapotranspiration, (b) constant-head nodes, (c)
upward leakage from layer 1, and (d), under stress, from rivers. Flow
is discharged to layer 1, to constant-head nodes, and to rivers.

. Flow in layer 1 results from vertical leakage from layer 2 and from
constant-head nodes. Flow is discharged into layer 2, into wells, and
into constant-head nodes.

. Storage coefficients were set at zero for the present version of the
model; thus, it is designed for steady-state simulations only. This
modeling technique is justified because steady-state conditions have
been approached within a few days in aquifer tests on layer 1 because
of leakage.

. The model was calibrated originally for natural, prepumping conditions.
It was then recalibrated for stress representing average pumping for
1972,
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The model was tested by simulations of pumping for 1939-40, 1958, and
1977. Computed water levels fit observed data about as well as for
1972 average pumping. The model can now be used for prediction of the
effects of future pumping where steady-state conditions are reached.
If applied to a situation in which steady-state conditions were not
reached, the model would tend to predict drawdowns greater than those
observed. For maximum accuracy, simulated pumping should not greatly
exceed existing rates, should be restricted to areas of the model for
which there are adequate data, and should not be located in nodes
adjoining no-flow or constant-head boundaries in layer 1.

Sensitivity analysis shows that, with no storage, heads in both layers
respond readily to changes in the rate of recharge. After recharge,
layer 1 is most sensitive to changes in TK, its own transmissivity, and
horizontal hydraulic conductivity of layer 2, in that order; and after
recharge, layer 2 is most sensitive to its own horizontal conductivity,
followed by changes in TK. Neither layer was very sensitive to changes
in river-bed leakance.

Over most of its area, the model is not very sensitive to the eastern and
western no-flow boundaries with present rates and patterns of pumping.
Nodes along the eastern boundary show moderate sensitivity to its
presence.

In the further development and refinement of the model, a change to a
finer grid and expansion of the grid to cover all of Escambia County
and adjoining parts of Baldwin County, Alabama, and Santa Rosa County
should be considered.

Although control is lacking for storage coefficients for layer 2, values
could be derived empirically by trial-and-error simulation of an actual
drought period. The addition of storage-coefficient matrices would
permit use of the model for transient simulations.

Additional stream data should be collected and studied for the model.
More extensive base-runoff data could be used to refine the values used
for the recharge matrix and total stream discharge. The behavior of
streams crossing cones of depression should be investigated. Eleven-
mile Creek has been treated as a normal stream in the model, although
it is a wastewater-discharge channel.

The effects of present and future infiltration basins should be con-
sidered in further development of the model.
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GLOSSARY

Aquifer.--A formation, group of formations, or part of a formation that
contains sufficient saturated permeable material to yield significant quanti-
ties of water to wells and springs.

Aquifer test.--The quantitative determination of the hydraulic properties of

an aquifer by the analysis of data from a field experiment. Typically, a well
is pumped at a carefully controlled rate and the resulting changes in head in
it and nearby observation wells are noted. The data are then used to calcu-

late properties such as transmissivity, storage coefficient, and leakance.

Base runoff.--Sustained flow in a stream, composed largely of ground-water
discharge. Unit base runoff is the rate of base runoff per unit drainage
area,

Calibration (of a model).--The adjustment of model parameters to obtain '"best
fit" of model simulations to a set of observations of prototype behavior.

Carbon-14 dating.--A measurement of the age of a carbon-bearing substance by
determining the ratio of the concentration of the radioactive isotope of

carbon with atomic weight 14 to the concentration of carbon 12. Carbon 14 is
produced by collisions between neutrons and atmospheric nitrogen and forms a
small part of living bodies. It decays to nitrogen at a constant rate. The
method is useful in determining the age of material younger than 30,000 years.

Cone of depression.--The depression produced in the water table or other
potentiometric surface by the withdrawal of water from one or more wells. If
the aquifer is nearly uniform in shape or texture in the vicinity of the well,
this depression has somewhat the form of an inverted cone whose apex is at the
water level in the well while discharge is in progress, whose height is equal
to the drawdown, and whose base is the original water table or other potentio-
metric surface within the area of influence.
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Confidence interval, confidence band.--A confidence interval is a group of
adjacent values which tends to include the true value of a statistical param-
eter a predetermined percentage of the time. A confidence band surrounds a
regression line to show the range of possible positions of the line at a given
confidence interval.

Confined, confined aquifer, confined conditions.--Confined is synonymous with
artesian. A confined aquifer is bounded by one or more confining beds. An
artesian well is a well deriving its water from an artesian or confined
aquifer. The water level in an artesian well stands above the top of the
confined aquifer that the well taps. Confined conditions and confinement
refer to the characteristic behavior of confined aquifers.

Confining bed.--A body of relatively impermeable material stratigraphically
adjacent to one or more aquifers. The hydraulic conductivity may range from
nearly zero to some value distinctly lower than that of the aquifer.

Constant-head node.--An imaginary point on a model grid at which the head is
assigned a value that is not allowed to change during the computational
process.

Correlation coefficient (r).--"An index of the degree of magnitude of linear
relationship between two variables. The maximum positive relationship is
indicated by a value of +1.00, absence of relationship yields r = 0.00, and a
maximum negative (inverse) relationship provides a value of -1.00" (taken from
Brewer, J. K., 1978, "Everything you always wanted to know about statistics
but didn't know how to ask'").

Dampening factor.--A value in the numerical approximations of a digital model
which controls the rate of convergence (attainment of a numerical approxima-
tion).

Digital model.--The mathematical simulation of a real or hypothetical system
by a series of numerical approximations. A computer is used in the applica-
tion of all but the simplest digital models.

Discharge.--Outflow; can be applied to describe the flow of water from a pipe
or from a drainage basin.

Drainage area.--That area, measured in a horizontal plane, which is enclosed
by a topographic divide such that direct surface runoff from precipitation
normally would drain by gravity into the drainage basin.

Drawdown (of a well from which water is being discharged).--The lowering of
the water level or the equivalent reduction of pressure of the water in the
well caused by withdrawal of water. The term is also applied to the lowering
of water levels or pressures in other wells or in the area affected by the
discharging well.

In the model output, drawdown refers to change in head from starting

position after a particular time step or pumping period. Positive numbers
indicate lowering of head; negative numbers indicate a rise.
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Error criterion.--In the aquifer-model program used in this study, the speci-
fied maximum change in head at any node from one iteration to the next for an
acceptable degree of convergence (attainment of a numerical approximation).

Evaporation.--The process by which water is changed from the liquid or solid
state into the vapor state. In hydrology, evaporation is vaporization that
takes place at a temperature below the boiling point.

Evapotranspiration.--Water withdrawn from a land area by evaporation from
water surfaces and moist soil and plant transpiration.

Geophysical log.--A graphic representation, obtained by the lowering of a
sensing device into a hole, that can be interpreted in terms of the charac-
teristics of the geologic formations and their contained fluids.

Gradient.--Change in the value of a quantity per unit distance in a specified
direction.

Harmonic mean.--The reciprocal of the arithmetic mean of the reciprocals of a
finite series of numbers.

Head (hydraulic head).--The height above a standard datum of the surface of a
column of water (or other liquid) that can be supported by the static pressure
at a given point. The total head of a liquid at a given point is the sum of
three components: (1) elevation head, equal to the elevation of the point
above the datum, (2) pressure head, the height of a column of static water
that can be supported by the static pressure at the point, (3) velocity head,
which is the height to which the kinetic energy of the water is capable of
lifting the water. Under usual conditions of ground-water flow, the velocity
head is negligible.

Hydraulic conductivity.~-A measure of the capacity of a material to transmit
water, The hydraulic conductivity of a medium is the volume of water at the
existing viscosity that will move in unit time under a unit hydraulic gradient
through a unit area measured at right angles to the direction of flow.

Hydrograph.--A graph showing stage, flow, velocity, or other property of water
with respect to time.

Isotropic.--That condition in which all significant properties are independent
of direction.

Iteration, iteration parameter.--Iteration is a computational procedure in
which replication of a cycle of operations produces improved estimates of the
solution. In the digital model used in this study, iteration parameters
control the process of iteration.

Leakance.--The ratio of the vertical hydraulic conductivity of a confining bed
to its thickness.

Leaky confined aquifer, leaky confined conditions.--A confined aquifer that
receives a significant inflow from adjacent beds. This occurrence constitutes
leaky confined conditions.
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Lithologic log.--A written or graphic representation of the rock materials
penetrated in the drilling of a well.

Mass balance.--In adherence to the Laws of Conservation of Mass and Energy,
water cannot be "lost" in the system; therefore, the rate of inflow must equal
the rate of outflow. (Mass must be "in balance.") 1In the output of the
digital model used in this study, mass balance refers to a listing of rates
and cumulative totals of inflow and outflow of water from various sources and
to various sinks, and the difference between calculated inflow and outflow.

Neutron log.--A graphic representation of the variation of gamma radiation
with depth induced by a neutron source as it is moved up or down a well or
borehole. The gamma radiation so induced is related to the hydrogen content
(and therefore water-saturated porosity) of the rock.

Node.--An imaginary point on a digital model grid at which input parameter
values are assigned and output values are calculated.

Observation well.~-A well in which repeated or continuous measurements are
made of some variable, most commonly water level, or a well used for repeated
sampling of ground water.

Parameter.——-Any of a set of variables whose values determine the character-
istics or behavior of a system.

Partially penetrating drain.--A linear channel cut part way into an aquifer so
that it serves as a sink or elongated discharge area.

Perched ground-water zone, perched water table.--Unconfined ground water
separated from an underlying body of ground water by an unsaturated zone. Its
water table is a perched water table.

Permeability.--A measure of the ability of a rock or soil to transmit a fluid,
such as water, under a potential gradient. Permeability is a property of the
medium alone and is independent of the nature or properties of the fluid.

Potentiometric surface.-—An imaginary surface defined by the levels to which
water would rise in tightly cased wells penetrating the same aquifer.

Recharge.—-"The entry into the saturated zone of water made available at the
water—table surface, together with the associated flow away from the water
table within the saturated zone" (Freeze and Cherry, 1979, p. 211).

Regression, regression line.~-A functional relation between two or more
correlated variables which is often empirically determined from data. If the
relation between two variables may be expressed by a straight line, the line
is a regression line and the regression is linear.

Runoff.--That part of the precipitation which appears in surface streams.

Runoff in inches.--The depth, in inches, to which the drainage area would be
covered if all the runoff for a given time period were uniformly distributed
on it.
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Saturated zone.--Part of the Earth's crust beneath the deepest water table in
which all voids, large and small, are ideally filled with water under pressure
greater than atmospheric.

Sensitivity analysis.——-A test of the effects on the output of a model of
varying each input parameter while keeping other parameters constant.

Specific capacity.--The specific capacity of a well is the rate of discharge
of water from the well divided by the drawdown of water level within the well,
It varies slowly with duration of discharge, which should be stated when
known.

Steady-state.~-"Occurs when at any point in a flow field, the magnitude and
direction of the flow velocity are constant with time" (taken from Freeze and
Cherry, 1979, "Groundwater").

Storage coefficient.-~The volume of water an aquifer releases from or takes
into storage per unit surface area of the aquifer per unit change in head.

Three~dimensional model.--A model used to simulate both vertical and horizon-
tal ground-water flow.

Transmissivity.~--The rate at which water is transmitted through a unit width
of the aquifer under a unit hydraulic gradient. It is equal to the average
hydraulic conductivity of the aquifer multiplied by its thickness. In this
report, transmissivity is expressed in units of ft?/d (feet squared per day).
Transmissivity was formerly called the coefficient of transmissibility, and
expressed in (gal/d)/ft (gallons per day per foot). Values expressed in the
0old units can be converted to the new units by dividing by 7.48.

Transpiration.~--The quantity of water absorbed, transpired, and used directly
in the building of plant tissue in a specified time. It is the process by
which water vapor escapes from the living plant, principally the leaves, and
enters the atmosphere. It does not include evaporation.

Two-dimensional aquifer model.--A model in which the ground-water flow system
is simulated by a single layer having length and width or, alternately, by a
section having height and width.

Unconfined zone.--An aquifer or part of an aquifer that has a water table.

Unsaturated zone.--The zone between the land surface and the deepest water
table.

Water table.--That surface in a ground-water body at which the water pressure
is atmospheric. It is defined by the levels at which water stands in wells
that penetrate the water body just far enough to hold standing water.
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SUPPLEMENTARY DATA I--PROGRAM LISTING

------------------------------------------------------------------ MANOO10
FINITE-DIFFERFNCE MOPEL FOR STMULATION OF GROUNMD=WATER FLOW IN MANNO20
THREE DIMFNSIONS. SEPTEMRFRs 1975 RY P,C. TRFSCOTTs U, S. G. Se  MANN030

WITH CONTRIRUTIONS TO MAIN, DATAT AND SOLVE BY S,P, LARSON MANDO40
------------------------------------------------------------------ MANNOS0
MANO060
SPECIFICATIONS® MANDOQ70
REAL #B8YSTR MANOOE0
MAND 090
DIMENSION Y(060000)« L(32)« HEADNG(33) s NAMF (42)s INFT(242)+ TOFT(MANO10D
19+4) « DUM(3) MANO110
MAN0120
EQUIVALENCE (YSTRaY (1)) MAND130
MANO140

COMMON ZINTEGR/ T10e¢J0eKOsTleJleKloToJoKeNPFReKTHeITMAXSLENGTHKP +NMANO]SO
IWEL «NUMT o TFINAL s ITeKTo THEADSINRAW ¢ TFLOCIERR T2+ J2 K2« IMAX S TTMX]1 +NCMANNO]60

CHYyINKL ¢ INK2 ¢ IWATERCTOQRE « IP e P+ TQeUN s IK e JK «KS s TPUL s TPU24ITK MANO170
COMMON /SPARAM/ TMAX «CDLTeNELTIERRITEST «SUMySUMPyOR«I0OK MANO180
COMMON /SARRAY/ ICHK(13) +LFVFLL1(9)sLEVEL2(9)

MANO200
DATA NAME/24%4H 4 H Se4HTART «4HING «4HHE AN «4H s4H STD.4HRAGMANGOZ2]0
1Es4H COE+4HFFIC 4HIFENT « 2%4H v4H TRGA4HANSMUHISST +4HVITY sS24H  MANNZ220

2 4H  TKe4H  HYW4HDRAUGGHLIC +4HCOND«4HUCTI s4HVITY 4 2%4H +6HBOTMANNOZ230

3Te4HOM E2GHLFVACLUHTION 2% 4H 4K Re4HFCHA«GHRGE +4HRATE/ MAN0O240
DATA INFT/4H(POF «4H4 ,0) «4H(AF]1 «4HO,4)/ MANO250
DATA JOFT/Z4H(IHO4HeT 24 eb4H2X 92 04HOF B e4HL /(S etHXe2044HFA,144H)) +MANN260

14H VOH(IHO W 4H e IS e 0 4HIL4F 944 ¢S/ (¢4HIH ¢ e4HSX el 44H4F G, 44HS)) s4H MANOZTO

2 s4H(IHN s 4He TS e e 4HINF 1 ¢4H2,.57/44H(1IH «4HeS5X s «4H10FE134H?2.5) v4H) MANODO280
B3e4H(IHO 94 H e ISy e 4HINE L 00H1 4 3/06H{IH s4H9SXeeGHI0E]Ll «4H]13) v4H) /  MAN0Z290

MANO300
DEFINE FILE 2(RB41520+U+KKK) MAN0310
.Q.Q......Q.Q......Q.Q...QQ..................‘.'......l....l..'...MANo320
MANN330
--=-READ TITLE, PROGRAM SIZF AND OPTIONS--- MANO340
READ(54200) HEADNG
WRITE (6,4190) HEADNG MANO 360
READ (54160) T04J0eKO«TTMAXsNCHINDWNRTIV,T0OK MANDO370
WRITE (6¢180) J0eJNsKO«ITMAXINCHINDYNRIV MANO0380
READ (54+210) TNDRAWCIHEAD«IFLOINK]1 s IDK24IWATERIQRFE«IPULsIPU2«ITK MANN390
1.1FQGN MANN395
WRITE (64220) TORAWIHEAD«IFLOWIDK1INK2« ITWATFRGTORFE o [PUL1«TPU2 ITKMANO4OO
1+ IEQN MANO40S
IERR=0 MANO410
MANNG20
-==COMPUTF DIMFNSIONS FOR ARRAYS=-=-- MAN0430
Ji=J0-1 MANO44 O
11=10-1 MAND4SO
Ki1=K0=-1 MANO460
12=10-2 MANO4T0
J2=J0-2 MAN0480
K2=K0=2 MANO490
IMAX=MAXO(T0sJ0) MANOSO00
NCD=MAXO0 (1 +NCH) MANOS10
ITMX1=1TMAX+] MAN0S20
I1S1Z=10%J0%K0 MAN0S30
IK1=10%J0 MANNS40
IK2=MAXO (TK1#Kl41) MANDOSSO
ISUM=2#1S12+1 MANOS60
L(1)=1 MANOS70
DO 30 I=2.14 MANOS80
IF (I.NE.B) GO TO 20 MANOSS0
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SUPPLEMENTARY DATA I--PROGRAM LISTING--Continued

L(8)=1SUM MAND600
ISUM=]SUM+ [K2 MANOGK10
IF (IK2.EQ.1) GO 70O 10 MANOG620
IK=T10 MAN0630
JK=J0 MAN0O 640
K5=K1 MANN650
GO0 To 30 MAN0660
10 IK=] MAN0670
JK=1 MANN680
K5=1 MAN0690
GO 70 3¢ MAN0OT700
20 L(T)=ISUM MANDT10
ISUM=TSUM+1S17 MANOT20
30 CONTINUE MANO730
L(15)=ISuM MANO740
ISUM=1SUM+J0 MANG 750
L(16)=1SUM MANO760
ISUM=TSUM+10 MANO770
L(17)=ISUmM MANOT7RO
ISUM=TSUM+K O MANO 790
L(18)=ISum MAN0OBOO
TSUM=TSUM+ IMAX MANOR10
L(19)=1ISumM MAN08B20
ISUM=TSUM+KO*3 MANOS30
L(20)=TSUM MANOB4 O
ISUM=TSUM+ 1 TMX ] MANNBSO
L(21)=1SumMm MANO0860
ISUM=TSUM+32NCD MANOS70
L(22)=15um MAN0OB80
ISUM=ISUM+NCD MANO890
L(23)=1ISuM MANOS00
IF (IWATER.NELICHK(6)) GO TO 40 MANN910
ISUM=TSUM+IK] MAN0920
L(24)=1SUM MAN0O930
ISUM=1SUM+ 1K1 MANO0940
IP=10 MANO09SO
JP=J0 MANG960
GO 70 SO MAN0970
40 1SUM=1SUM«] MAN0O980
L(24)=1SUM MAN0990
ISUM=T1SUM+ ] MAN1000
IP=1 MAN1010
JP=1 MAN1N20
50 L(25)=1ISum MAN1030
IF (IQRELNEL,ICHK(T7)) GO T0O A0 MAN1040
ISUM=]SUM+ 1K1 MAN10SOQ
Q=10 MAN1060
JQa=J0 MAN1070
GO T0 70 MAN1080
60 TSUM=]SUM+] MAN1090
1Q=1 MAN1100
Ja=1 MAN1110
70 IF(ND.EQ.0) GO TO 75
L(26)=1ISuUM
ISUM=1SUM+1K]
L(27)=1ISUM
ISUM=TSUMe«ND
L(28)=1ISUM
ISUM=TSUM«ND
GO TO 76

75 L(26)=ISUM
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76

77

78

80

390

SUPPLEMENTARY DATA I--PROGRAM LISTING--Continued

1SUM=1SUM« 1

L(27)=1SUM

TSUM=ISUMe 1

L(28)=ISUM

ISUM=ISUM+ 1

IF (NRIV.EQ.0) GO TO 77

L(29)=1SUM

1SUM=ISUMs IK ]

L(30)=1SUM

1SUM=1SUM+NRTV

L(31)=1SUM

ISUM=ISUMNRTV

L(32)=1SUM

[SUM=ISUM+NRIV

GO T0 78

L (29) =1SUM

L(30)=1SUM+1

L(31)=ISUMs+2

L(32)=1SuUM+3

ISUM=]SUM+4

WRITE(6+170) [SUM

MAN1130

-==PASS INITIAL ADDRFSSES OF ARRAYS TO SURROUTINES=== MAN1140

CALL DATAT(Y(L (1)) oY (L(2) ) oY (L{3)) «YILL4)) oY (L(5)) «Y(L(H)) Y (L(7))IMANL150
LoY(L(B)) oY (L9 ) oY (L1S)) oY (L(16)) oY (LILT)) oY (L(19)) oY (L(23))¢Y (LIMANI160
224)) 3 YAL(25) ) oYL (260 ) oY (L(27)) oY (L(28) ) oY (L(29)) ¢ Y(L(30)) s
3 YAL(31) ) aY(L(32)))

CALL STEP(Y(L{I)) oY (L(2)) Y (L(3))aY(L(4))aYIL(5))aY(L(6)) oY (L(T)) MANI18O
LY(L(B)) o Y(LI) ) aY(L(IS) ) oY (LE16)) «Y(L(17))aY(L(19))aY(L(1B))eaY(L(2MAN]1190
200)) MAN1200

CALL SOLVF (Y (LCI) ) aY (L (2)) oY (L(3)) oY (L&) )oY (LI5)) oY (L(A)) Y (L(7)IMANI2LO
LaY (L(BY) oY (LEI)) oY (L(15)) oYL ILE6)) oY (L (IT)I )oY (L(19))sY(L(L10)) oY (L(MAN1220
21100 0¥ (LE12)) Y (L1 oY (L(14)) oY (L(20)) oY (L(25)) sY (L(23)) s
3 YIL(Z26)) «YIL(27)) oYL (2B)) oY (L(29)) oY (L(30))aY(L(31))eY(L(32)),

4 NDyNRIV)

CALL COEF (Y(L(1)) oY (LE2))aY(L(3)) Y (L(4))aY(L(S))aY(L(6))aY(L(T)) MANL240
1Y (LRI oY (LE9)) oY AL U151 ) oY (L (16)) oY (LC17)) oY (L(19)) oY (L(23)) ¢Y(L(2MAN1250
24)) 4 Y(L(25))) MAN1260

CALL CHECKI (Y (L{1))aY(L(2))aY(L(3)) oY (L(4))aY(L(5))aY(L(6))sY(L(7IMANIZTO
1) oYL (8)) oY (L () ) oY (L (151 ) oY (L (16))sY(L(1T)) Y (LE19)) oY (L{21))sY(LMANIZBO
2(22)) s Y (L(25)) « MAN1290
3 YAL(26)) oY (L(27)) oY (L(2B)) Y (L(29)) oY (L(30)) Y (L3N oY (L(32))s
4 NDJNRIV)

CALL PRNTATCIY(LOI)) «Y(L(2Y) oY (L(A)) oY(L(S))aY(L(D)) aY(L(1S5)) sY(L(IMAN]1300

16))) MAN1310

MAN1320
===START COMPUTATIONS-=- MAN1330
BHBBBRBBBBBBBBBBBBODBSYS MAN1340
-==READ AND WRITE DATA FOR GROUPS II AND I1Jl=--- MAN1350
CALL DATAIN MAN1360
IRN=1 MAN1370
NIJ=1I0#J0 MAN1380
DO B0 K=1,K0 MAN1390
LOC=L(2)+(K=1)#NIJ MAN140G0
CALL ARRAY(Y(LOC) o INFT(1e2)oIOFT(141)eNAMF (1) ¢ IRN4DUM) MAN1410
DO 90 K=1.K0 MAN1420
LOC=L(5)+(K=1)%NIJ MAN1430
CALL ARRAY(Y(LOC) s INFT(l1e1)oTOFT(1e2) sNAMF (T7) ¢ IRNsDUM) MAN]1440
DO 100 K=14KO MAN1450
LOC=L (4)+ (K=1)#NIJ MAN1460
L1=L(19)+K~-1] MAN1470
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140

150

151

SUPPLEMENTARY DATA I--PROGRAM LISTING--Continued

L2=L (19) +K0+K=-1

L3=L(19) +2#K0+K=1]

CALL ARRAY (Y (LOC) o INFT(Lal)oINFT(1+2) oNAMF (13) ¢ IRN«DUM)
Y(L1)=DUM(1)

Y(L2)=DUM(2)

Y (L3)=DUM(3)

WRITE (64230) KeY(L1)aY(L?) Y (L)

IF (ITK.NF.ICHK(10)) GO T0 120

DO 110 K=1.K1

LOC=L(B) +(K=-1)#NIJ

CALL ARRAY(Y(LOC) «INFT(1el)«IOFT(1¢3)«NAME (19) 4 RN4NUM)
IF (IWATER.NE.ICHK(6)) GO T0O 130

K=K0

CALL ARRAY (Y (L (23) )+ INFT(1 1) «I0FT(1e4) sNAME(P5) s IRNDUM)
CALL ARRAY(Y(L(24))sINFT(141)1I0FT(1s1)eNAME(3]) «IRNyDUM)

MAN1480
MAN1490
MAN1S500
MAN1S10
MAN1S20
MAN1530
MAN1S540
MAN1S550
MAN1560
MAN1S70
MAN1S80
MAN1590
MAN159S
MAN1600
MAN1610

IF (TORELEQ.ICHK (7)) CALL ARRAY(Y(L(25)) o INFT(1el) s TOFT(14+4) NAME (MAN1620

137) « IRNDUM)

CALL MDAT
IF(ND.NE.O) CALL DDAT(ND)
IF(NRIV.NE.0) CALL DDAT2(NRIV)

===COMPUTF TRANSMISSIVITY FOR UNCONFINED LAYER=-=--
IF (IWATER.EQ.ICHK(6)) CALL TRANS(1)

-==COMPUTF T COEFFICIENTS===-
CALL TCOF

-==COMPUTF TTERATION PARAMETERS===
CALL ITER

MANIA30
MAN1640

MAN1650
MAN1660
MAN1670
MAN1680
MAN1690
MAN1700
MAN1710
MAN1720
MAN1730
MAN1740

--=-RFAD TIME PARAMETERS AND PUMPING DATA FOR A NFW PUMPING PERIOD-MAN1750

CALL NEWPER

KT=0
IFINAL=0

===START NEW TIME STFP COMPUTATIONS=--
CALL NEWSTP

-==START NEW JTERATJON IF MAXIMUM NO, ITERPATIONS NOT EXCEEDED~=-~

CALL NEWITA
IF(IFRR.EN.2)GO TO 151

===PRINT OUTPUT AT DESTGNATED TIME STEPS-=-
CALL OQUTPUT
IF(IERR.ENL2) GO TO 151

-~=LAST TIME STEP IN PUMPING PERIOD ?==-
IF (IFINALNEL1) GO TO 150

-==CHECK FOR NEW PIMPING PFRIOD===
IF (KP.LT.NPFR) GO TO 140

-==CHECK FOR NFW PRORLFM==-
READ(S5+1604ENND=182) MNEXT
IF(NFXT.EQ.0}) GO TO S

2 STOP

-==FORMATS=<=
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MAN1760
MAN1770
MAN1780
MAN1790
MAN1800
MAN1810
MAN1R20
MAN1R30
MAN1840
MAN1850

MAN1860
MAN1870
MAN1880

MAN1890
MAN1900
MAN1910
MAN1920
MAN1930
MAN1940
MAN1950

MAN1970
MAN1980
MAN19G0
MAN2000
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SUPPLEMENTARY DATA I--~PROGRAM LISTING~~Continued

MANZ2010
160 FORMAT (8110) MANZN20
170 FORMAT ('N'eS4Xe?'WORDS OF VECTOR Y USED =1.17) MAN2030

1RO FORMAT ('01462Xe*NUMRFR OF ROWS =t+I5/60X« 'NUMBER OF COLUMNS ='4ISMANP04O
1/761Xs *NUMRER OF LAYERS ='.15//39Xs*MAXIMUM PFRMITTFD NUMBER OF ITEMANZ20S50
2RATIONS =9415//48X¢*NUMHER 0OF CONSTANT HEAD NODES =1415, MAN2N60
3 /56X 'NUMBER OF DRAIN NODES =115,
4 /eS56Xe'NUMHFER OF RIVER NNDES=',15)

190 FORMAT (*]1'+33A4) MAN2070
200 FORMAT (20A4) MANZ2080
210 FORMAT (1A (A4 1X)) MANZ?090
270 FORMAT (*-STMULATINN OPTIONS: *411(A444X)) MANZ2100

230 FORMAT (1HO «44X«'DIRFCTIONAL TRANSMISSIVITY MULTIPLICATINON FACTORSMANZ110
1 FOR LAYERY¢I3e/¢7AXe X =1 4G15.7/76XatY =0 4G185,7/T6Xe'Z =14(G15.7) MAN2120
END MANZ2]130~-
SUBROUTINE DATAT(PHT «STRT eOLD e TeSeTReTCoTK«WELL «NFLXeNDELYsDELZ7Z«FACDATN010
1T oPERMeBOTTOMeQRE 4 IDLNELNeIDR4RH4RCoRI)

------------------------------------------------------------------ DAT0030
READ AND WRITE DATA NDATN040
----------------------------------------------------------------- NATNOSO

DAT0060
SPECIFICATIONS: DATO070
REAL #BPHI NAT0080
REAL #BXLAREL¢YLABEL +TITLF+XN1+MESUR DAT0090
REAL#4 LD

DAT0100

DIMENSION PHTI(T0sUNeK0) e STRT(INsJOeKO0) s OLD([0«JOsKO) e T(I0sJOsKONATOL110
1)e S(I0sJ0eKN) e TROIOsJOeKO) o TC(I04J0eKO) e TKIKeJIK9KS) s WELL(I0,DATO120
2J04K0) s DFLX(J0O) s DELY(I0) e DFLZ(KOD)y FACT(KO43)se PERM(IP,JP) s BOTDATO130
3TOM(IP«JP) s NRE(TQ«JN) e TF(3)s A(I04J0)s IN(6)s INDFT(9)e INFT(2) DATO140
4 «ID(I04J0) 4LN(1) ¢ELD(1) o INR(I0sJN) sRH (1) aRC(1) «RR(1)

DATN150

COMMON ZINTEGR/ 10eJ0eK0aT1eJl oK1 aloJeKoNPFRaKTHe TTMAXSLENGTHIKP«NDATO160
IWEL oNUMT o TF INAL o IToKT o IHEAD G INRAWGIFLOGIFERR 4120 J24K24 IMAXeITMX]14NCDATO170
2HeIDK1 ¢ INK2 s IWATERGIORF ¢ IP s UP s IN¢JQ e IK s JKoekSeTPUL«TPU2STTK DATO0180

COMMON /SPARAM/ TMAX+CDLT«OFLTeERRSTEST e SUMsSUMP+NR e 10K NDATO0190

COMMON /SARRAY/ TCHK(13)LEVELL1(9)LEVEL2(9)

COMMON /CK/ ETFLXT«STORTeNRET«CHST «CHDToFLUXT«PUMPT CFLUXTSFLXNT DATO0210

COMMON /PR/ XLABEL (3) « YLAREL (A) o TITLE(6) o XN1sMESURWPRNT (122) sRLANKDAT0220
1(60)+DIGIT(122) s VF1(R) oVF2(H) «VFI(7) e XSCALF«DINCHSYM(17) «XN(100),DAT0230
2YN(13) sNA(4) «N19N2 N3+ YSCALE«FACTL1«FACT? DAT0240

COMMON ZEVAPO/ ETDIST«QETSGRNN(50450)

COMMON /B/ BFTA

RETURN DAT0250
l000..0..0..0...0.0.'0.0.0..0...0.0.'0.000‘0000..Q.DQO.Q..0.0Q...'DAT0260
L2 222200 R 2 L-RIE Y -3:3- 1% 3 3 DATQ270
ENTRY DATAIN DAT0280
BHBBEBBBBDBDBBDBBELHS DAT0290

DATO0300
-==READ AND WRITE SCALAR PARAMETFERS--- DAT0310
READ (5+4330) NPERIKTHFRR«LENGTHSQETSFTNDISTBFTA DAT0320
WRITE (64340) NPERIKTHeFRRILENGTHGQETLETNDIST NDATO0330

WRITE(64346) RETA
READ (54+460) XSCALE«YSCALE «DINCHSFACT]1 o (LEVEL1(I)+1=1+49)+FACT2y(LEDAT0340

IVEL2(I)+1=1.9) «MESUR DAT0350
IF (XSCALF.NF,0.) WRITF (6¢470) XSCALEsYSCALE «MESURWMESURSDINCHFANATN360

ICT1+sLEVEL1+FACT2LEVFL? DATO0370
DAT0380

--=READ CUMULATIVE MASS BALANCE PARAMETERS--- NDAT0390

READ (54450) SUMsSUMP PUMP T CFLUXToQRETeCHST«CHNT «FLUXT«STORT «ETFLDATO0400

IXToFLXNT DATO0410
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10

20

30

40

50

A0

AS
A6

67
AQ

70

RO

90

100
110

120

SUPPLEMENTARY DATA I--PROGRAM LISTING--Continued

93

IF (IDK1,FQ.ICHK(4)) GO TN 20 DATO0420
IF (TPULNELICHK(8)) GO TO S0 DAT0430
DAT0440
-=-=-RFAD INITIAL HEAD VALUES FROM CARDS--- DATO0450
NO 10 K=1.K0 DAT0460
DN 10 I=1.10 DATO0470
READ (593A0) (PHI(I.vJeK)sJ=14J0) DAT0480
GO T0 30 DAT0490
DATO0S00
---READ INITIAL HEAD AND MASS BALANCE PARAMETFRS FROM NDISK--- DATOS10
READ (4) PHI+SUMeSUMP4PUMPT ¢CFLUXT4sQRFTsCHSTeCHDT«FLUXT«STORTWETFLDATO0520
IXToFLXNT DATO0S30
REWIND 4 DAT0540
WRITE (6¢430) SUM DATO5S0
DO 40 K=].K0 DATNS60
WRITE (64440) K DATOST0
DO 40 I=1.10 DATO0580
WRITE (64350) T+ (PHI(T«JeK) eJ=10J0) DAT0S90
DAT0600
NO 60 K=1+K0 DATO0610
DO 60 I=1.10 DAT0620
DO 60 J=14J0 DAT0630
WELL(IsJwK)=0, DAT0640
TR(I«JoK) =0, DAT0650
TC(TeJeK)=0, AT066A0
IF (KoNE,KO) TK(I+JsK)=0, DATOAT0
CONTINUE DAT0680
IF(QET.EQ.0)GNH TO A9
READ (S+330) FAC[PRN
NO 65 I=1.10
READ (SebA) (GRND(T9d) e J=14J0)
DO 65 Jd=14J0
GRND (T «J)=GRND ([ «J) #FAC
FORMAT (20F4,.0)
IF (IPRN.EN.1) GO TO 69
WRITE (64345)
DO 67 I=1.10
WRITF (64350) T+ (GPND(TeJ)ed=15J0)
CONTINUE
RETURN DAT0690
L R-2-2-X-RiR-2-2-F-R-R-2- - X X B X EIELE. ] OAT0700
ENTRY ARRAY (Ao INFTeIOFT«INsIRNTF) DATO710
R R L Ly DATO7 ©
READ (54330) FACeIVARSIPRNGTF «IRECS«IRECD DATO0730
[C=4#]RECS+2#VAR+IPRN+] DATO0740
GO TO (70¢704904904120+120)0 1IC DATO0750
DO 80 I=1.10 DATO760
DO B0 J=1.J0 DATOT70
A(l«J)=FAC DAT0780
WRITE (64280) INFAC.K DATO0790
60 TO 140 NATN800
IF (IC.EQ.,3) WRITE (A¢290) INWK DAT0810
DO 110 I=1.10 DAT0820
READ (S+INFT) (A(T1eJ)eJd=14J0) DATO0830
DO 100 J=1J0 DAT0840
A(l«J)=A(TsJ)#FAC DAT0850
IF (IC.EQ.3) WRITE (6+10FT) Ta(A(LsJ)ed=10edn) NDAT0860
GO TO 140 DATO0870
READ (2'IRN) A DATORAO
IF (IC.EQ.6) GO TO 140 DATO0890
WRITE (6+4290) INK DAT0900



130
140

150

160
170

180
190

200
210

SUPPLEMENTARY DATA I--PROGRAM LISTING--Continued

DO 130 I=1.10 DATNG10
WRITE (64I0FT) Te(A(TeJ)sd=1+J0) DAT0S20
IF (IRECD.EQ.1) WRITE (2'IRN) A DAT0930
IRN=TRN+] DAT0940
RETURN DAT0950
BHDNPUDBABHBD BB DA BB D NATN960
ENTRY MDAT DATO0970
FHABBUBE B BBE RSB BB Y NAT0980
DO 150 K=1.K0 DAT0990
DO 150 I=1,10 DAT1000
DO 150 J=1.J0 DAT1010
IF (1.EQ.1.0R.TLENQ.I0,NRJEQ.1.0RGJLEQ.JO) T(TIwJeK)=0, DAT1020
IF (IOK1 .NEJTCHK (4) s AND.TPULNELICHK(8)) PHI(TeJeK)=STRT(IsJeK) DAT1030
IF (KJNE,KO0.OR.IWATER,NE.ICHK(6)) GO TO 150 DAT1040
IF (1.EQ.,1.0R,I.,EQ.,10.,0R.J.EQ.1.,0R.J.EQ,J0) PERM(I4))=0, NDAT1050
CONTINUE DATINGO
® 00 0000000000000t eet Ot DELX .QO..I.'0'..'..'0..0...0...0..[)AT1070
READ (5+330) FACCIVARGIPRN DAT1080
IF (IVAR.FQ.1) READ (S¢330) (DELX(J)sJd=1eJ0) DAT1090
DO 170 J=1.+J0 DAT1100
IF (IVAR,NE.1) GO T0 160 DAT1110
DELX (J)=DELX(J) #FAC DAT1120
GO TO 170 DAT1130
DELX(J)=FAC NAT) 140
CONTINUE DAT1150
IF (IVARFQ.1.AND IPRNGNE 1) WRITE (6.370) (DELX(J) 9J=1+J0) DAT1160
IF (IVAR,FQ.0) WRITE (64300) FAC DATI170
® 60060060 90¢ 000000 s s os e 0t DELY .."..'.l...'I'.'.....'I.."'-')ATI]SO
REAN (S59330) FAC«IVARIPRN DAT1190
ETQ=0.0
IF (IVAR,EN.1) PEAN (S5¢330) (NDELY(I)+I=1010) NDAT1200
DO 190 I=1.10 DAT1210
IF (IVAR.NE.1) GO TO 180 DAT1220
DELY (I)=DFLY(1)*FAC DAT1230
GO T0O 199 DAT1240
DELY (1) =FAC DAT1250
CONTINUE DAT1260
IF (IVAR,FQ.1.AND.IPRN.,NE.1) WRITF (64380) (DELY(I)sI=1410) DAT1270
IF (IVAR.EQ.0) WRITE (hs310) FAC DAT1280
€ 0 600000 0000 0000000000000 s00ScE DELZ ..0.'.........Oi'..Ol'.."..l'DArlzgo
READ (5+330) FAC+IVARLIPRN DAT1300
IF (IVAR,FQ.1) READ (5+330) (NFLZ(K) ¢sK=1+K0) DAT1310
DO 210 K=1.K0 DAT1320
IF (IVAR,NE.1) GO TO 200 DAT1330
DELZ (K)=DFLZ(K) #FAC DAT1340
GO T0 210 DAT1350
DELZ (K) =FAC DAT1360
CONTINUE DAT1370
IF (IVAR.FQ.1.ANDIPRN,NE.]1) WRITE (A¢390) (DFLZ(K)K=1eK0) DAT13R0
IF (IVAR.FQ.0) WRITE (6+320) FAC DAT1I390
DAT1400
-==INITIALIZE VARIABLES=-~ DAT1410
BR=0. DAT1420
D=0. DAT1430
F=0. DAT1440
H=0. DAT1450
SuU=0. DAT1460
2=0, DAT1470
IF (XSCALE.NE.O.) CALL MAP NAT1480
RETURN DAT1490

LE-2R R RN R-E-RE- ¥
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510

500

515
520
530

540

550

560

570

580

5R5

600

610

539

620

SUPPLEMENTARY DATA I--PROGRAM LISTING--Continued

ENTRY DDAT (ND)
suBBBBBEBBESSY

NK=1

NO S00 I=1.10

READ S106 (ID(TsJ) ed=1J0)
FORMAT (8011)

DO S00 J=1+4D
IFCID(TI«J)eEQ,0) GO TO 500
ID(I+J)=NK

NK=NK+1

COMNTINUE

NK=NK-1

IF (NKL,EQ.ND) 60 TO 520
PRINT S51G6.NKND

FORMAT (' ERROR##u##NK, NE ,ND NK=?t41545Xe '"ND=*415)
STOP

READ 330+ FAC

READ 530+ (LD(I)sI=1eND)
FORMAT (40F2.0)

PRINT 5404 (LD(I) sI=14ND)
FORMAT (/,(20(1X4F5,0)))

DO S50 I=1s10

N0 550 J=1.J0

K=ID(1+J)

IFIKL.EQ.0) GD TO 550
LD(K)=LD(K)#FAC®#T (Lo JeKO) /INELX(J)#DELY (1))
CONTINUE

READ 330, FAC

READ S60,(ELD(T) oI=1.NN)
PRINT S40«(ELN(I)eI=14ND)
FORMAT (20F4,.0)

DO S70 I=1.ND

ELDC(IY =ELD(T) #*FAC

RETURN

48 48 44 44 48 3b 3 34 33 34 34 1B 34 41

ENTRY DDATZ2(NRIV)

LI RTR IR R R R RRR R RN

NK=1

DN 580 I=1.10

READ S104(IDR(TeJ)ed=1eJ0)
DO SR80 J=1+J0
IF(INDR(I«J)EN.0) GO TO 5RO
INR(I«J) =NK

NK=NK+ 1

CONT INUE

NK=NK=1

IFINK,EQ.NRIV) GO T0 600
PRINT SABG5«NKeNRIV

FORMAT ( ERROR###uNK NFE ,NRTV NK=14]5¢5Xe *NRIV=1,15)
STOP

READ 330,FAC

READ S60+(RH{I)eI=1eNRIV)
DO 610 I=1«NRTV
RH{TI)=RH(1)#*FAC

PRINT 539
FORMAT(/+5Xe*RIVER WATER LFVEL'e/e5Xe1T7(t=1))
PRINT S40+(RH(I)sI=]1enNRIV)
READ 330.FAC

READ 5A04 (RB(I)sI=1eNRIV)
DO 620 I=1+NRTV
RR(I)Y=RB(])*FAC
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OO0

538

625
630
634

6135

245

250
260

2R0
290
300
310
320
370

SUPPLEMENTARY DATA I--PROGRAM LISTING--Continued

PRINT 538

FORMAT (/+5Xe*RIVER BOTTOM FELEVATION's/¢5Xe22('=1))
PRINT S40+(RB(I)eI=14NRIV)

READ 330.FAC

READ 6254(RC(I)eI=14NRIV)

FORMAT (10FR.0)

DO 630 I=1sNRIV

RC(I)=RC(1)#FAC

PRINT 634

FORMAT (/7 45X« 'RIVER LEAKANCE 9/ e¢SXelb(1=-1))
PRINT 635« (RC(I}YsI=1sNRIV)
FORMAT (/7 (14 (1X+EB.2) 1))

RETURN

......000..o.o.o....o.o.n.......n....b......o....o..n.noo.........[)ATlSOO

-==RFEAD TIME PARAMFETERS AND PUMPING DATA FOR A NEW PUMPING PERIOD-DAT1IS10

LR -2 R LR

ENTRY NEWPER
BHBBBDBBBEUBI BRI RDIN Y

READ (S5¢330) KPoKPMI «NWFL « TMAX o NUMT «COLTNELTHIRECH
IF(IRECH.,FEQ.1) READ(3) QRE

-==COMPUTE ACTUAL DELT AaND NUMT=---
NT=DFELT/24,

TM=0.0

N0 220 T=1.NUMT

DT=CNLT#DT

TM=TM+DT

IF (TM.GE,TMAX) GO TO 230

CONTINUE

GO TO 240

DELT=TMAX/TM#DELT

NUMT=1]

WRITE (64400) KP«TMAX I NUMTDELTSCDLT
DELT=DELT#3600.

TMAX=TMAX#H6400.,

SUMP=0.0

-=-=READ AND WRITE WELL PUMPING RATES=---
WRITE (6+410) NWEL

IF (NWEL.EQ.0) GO TQO 260

DO 245 K=1.K0

DO 245 I=1.10

DO 245 J=14J40

WELL(IsJeK)=0,0

D0 250 11=1.NWEL

READ (54330) KoeTeJeWFLL (T eJeK)

WRITE (6+¢420) KeloJeWELL (I eJoK)

WELL (TeJ oK) =WELL ([ eJeK) /(DELX(J) #DELY (1))

RE TURN

-==FORMATS ==~

FORMAT (1HD+52Xs6Abs? =1,G15.7+" FOR LAYERY,13)

FORMAT (1H] «45Xeb6A4e* MATRIXs LAYER'4I3/46Xe41(1=-7))
FORMAT (t0¢472Xe'DELX =teG15.7)

FORMAT ('0'472Xs*DELY ='e¢G15.7)

FORMAT ('0'+72Xs'DEL7 ='4G15.7)

FORMAT (BG10.0)
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DAT1520
DAT1530
DAT1540
NDAT1550
DAT1S60

DAT1570
DAT1580
DAT1590
DAT1600
DAT1610
DAT1620
DAT1630
DAT1640
DAT1650
DAT1660
DAT1670
DAT1680
DAT1690
DAT1700
DAT1710
DAT1720
DAT1730
DAT1740
DAT1750
DAT1760
DAT1761
DAT1762
DAT1763
DAT1764
DATY770
DAT1780
DAT1790
DAT1800
DAT1B10
DAT1820
DAT1830
DAT18R40
DAT1850
DAT18R60
DAT1A70
NDAT1880
DAT1890
DAT1900
NAT1910
DAT1920
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SUPPLEMENTARY DATA I--PROGRAM LISTING--Continued

340 FORMAT ('0'+5]Xs*NUMRER OF PUMPING PERIODS ='¢15/49X+'TIME STEPS BDAT1930
JETWEEN PRINTOUTS ='+[5//51X«'FRROR CRITERTIA FOR CLOSURE =1'4G15,7//DAT1940
257Xs *ITERATION PARAMFTERS=1,]5//62Xs *MAXIMUM FT RATFE='+6G15,7//53X.DAT1945
3'DEPTH AT WHICH ET CFASES='4G15.7/) DAT1946

345 FOPMAT (']t eaSXe'LAND SURFACE ALTITUDEY/45Xe21('=%)/7/)

346 FORMAT('0'«72Xe*BETA = '4F4,2)

350 FORMAT (90941 2¢2Xs20F6.1/7(5Xe?0F6.1)) DAT1950
360 FORMAT (RF10,.4) DAT1960
370 FORMAT (1H1e46Xe40HGRIN SPACING IN PROTOTYPE IN X DIRECTION/4T7X«40DAT1970
(=) /77(00',12F10.0)) DAT1980
380 FORMAT (1H=94HX«40HGRIN SPACING IN PROTOTYPE IN Y DIRECTION/47X+s40DAT1990
1=y //7(001'.12F10.0)) DATZ2000
390 FORMAT (lH=«46Xe40HGRIND SPACING IN PROTOTYPE IN Z NIRECTION/4T7X+40DAT2010
F(r=0)//7000'412F10.0)) DAT2020

400 FORMAT (v=2450Xs"PUMPING PFRIOD NO,*9T4e?2'4F10.2¢" DAYSY/S1Xs3R(*NDAT2030
1-')//53X«"NUMBER OF TIME STEPS='4316//59X4'DELT IN HOURS =',F10.3//DAT2040

253X 'MULTIPLIER FOR NELT =v4F10.3) DAT2050
410 FORMAT ('=24A3Xelde? WELLSY/H65XeG('=1)//50Xs'K?"e9Xa VT 99Xy PUDAT2060
IMPING RATF'/) DAT2070
420 FORMAT (41Xe3110+2F13.2) DAT2080
430 FORMAT ('=12440Xe" CONTINUATION = HEAD AFTEFR '4G20,7«' SEC PUMPING DAT2090
1'/742X458(v=1)) DATZ2100
440 FORMAT (v19455Xe"INITIAL HEAD MATRIXe LAYER'413/56X930('=1)) DATZ2110
450 FORMAT (4G20.10) DAT2120
4A0 FORMAT (3G10404¢2(G1040+9T1¢1X) eAR) DAT2130

470 FORMAT ("0 430Xe"ON ALPHAMFRIC MAP: Y /40X« "MULTIPLICATION FACTOR FODAT2140
IR X NIMENSION =1'4G15.7740Xs"MULTIPLICATION FACTOR FOR Y DIMENSION DAT?150
2=143G15.7/55X« "MAP SCALF TN UNTTS OF '«A11/50Xs "NUMRER OF '4ARs" PDATZ2160
3ER INCH ='4G15.7/743Xe "MULTIPLICATION FACTOR FOR NRAWDOWN =14G15.7.DAT2170
4% PRINTED FOR LAYERSY«9I2/47X«"MULTIPLICATION FACTOR FOR HEAD =1',GDAT2180

515.7¢' PRINTEND FOR LAYFRS'4912) DAT2190
END DAT2200~-
SURROUTINF STEP(PHI «STRT«OLNsTeSeTRaTCoTKeWFLL«DELX«DELYDELZFACTSTP 10
1eDDNSTEST3) STP 20
------------------------------------------------------------------ STP 30
INITIALIZF DATA FOR A NEW TIMF STEP AND PRINT RESULTS STP 40
------------------------------------------------------------------ STP S0
STP 60
SPECIFICATIONS: STP 70
REAL #8PHI STP B0
REAL #8XLAREL «YLAREL+TITLF +XN} «MESUR STP 90
STP 100

DIMENSION PHI(10eJ0WK0O) s STRT(I0eJOWKO) s OLD(I0«J0KD) 9 T(I0s JOsKOSTP 110
1)e S(I0sUNGKN) s TRIIO«JO9KN) e TCIT09J0sKN) e TK(IKeJK9KS) 9y WELL(I04STP 120
2J0«K0) e DELXC(JO) s DELY(TIO) e DFLZ(KD)s FACT(KOe3)s DON(IMAX)s TEST3STP 130
3(ITMXT) s 1TTO(S50) STP 140

STP 150

COMMON ZINTEGR/ I04J0eKOelleJl oKl aloJoKeNPERGKTHeTTMAXILENGTHaKP 4NSTP 160
IWEL oNUMT 4 TF INAL o IToKTo IHEAD ¢ INDRAWS TFLOGIERR 1207 eK29 IMAX I TMX1+NCSTP 170
CHeIDKLI o IDK2 W IWATERCINRFE e IP e UP s 100 JQs TKy M aKSsJPUL«IPU2WITK STP180

COMMON /SPARAM/ TMAXWCDLT«DELT¢ERR«TEST«SUM,SUMP QR INK STP 190

COMMON /SARRAY/ ICHK (13) +LEVFL1(9) «LFVELZ2(9) _

COMMON /CK/ ETFLXTaSTORTeNRET«CHSToCHNT«FLUXT«PUMPT «CFLUXTWFLXNT STP 210

COMMON /PR/ XLABEL (3) «YLAREL(A)Y «TITLE (6) o XN1 «MFSURPRNT (122) sBLANKSTP 220
1(A0) «DIGIT(122) 3 VF1(A) aVF2(6) «VF3(7) «XSCALE4DINCH«SYM(17)«XN(100)STP 230

2YN(13) sNA(4) «N1«N2sN3+YSCALF +FACT1«FACTZ STP 240
RETURN STP 250
.n.o..'i!00-0..!.O.u.u.-uuu.0.0.0..0.00t.ti...toto..!-.ttu...o....STp 260
BaBoBBRBABBBERBBRBEY oo ’ T sTP 270
ENTRY NEWSTP T T STP 280
BuanpaBBBBBANBRBNNI Y "'STP 290
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SUPPLEMENTARY DATA I--PROGRAM LISTING--Continued

KT=KT+1 STP 300
17=0 STP 310
DO 10 K=1.K0 STP 320
PO 10 I=1.10 STP 330
NO 10 J=1.J0 STP 340
10 OLD(T9JeK)=PHI(I+JeK) STP 350
DELT=COLT=DELT STP 360
SUM=SUM+DFLT STP 370
SUMP=SUMP+«DELT STP 380
DAYSP=SUMP /86400 . STP 390
YRSP=DAYSP /365, STP 400
HRS=SUM/3600. STP 410
SMIN=HRS®*K0, STP 420
DAYS=HRS/?24, STP 430
YRS=DAYS/365, STP 440
RETURN STP 450
STP 460
-==PRINT OQUTPUT AT DESIGNATED TIME STEPS=-=-- STP 470
BHBpBBBBIBBBBBBB DN STP 480
ENTRY OUTPUT STP 490
LR -0 020220222 2:% . 21F:) STP 500
TERR=1
IF (KT.EQ.,NUMT) IFINAL=1 STP 510
ITTOUKT)=IT STP 520
IF (IT.LE.ITMAX) GO TO 20 STP 530
IT=17-1 STP 540
ITTO(KT)=1IT STP 550
1ERP=2 STP 560
STP 570

-==]F MAXIMUM ITERATIONS EXCEFNEDWRITE RFSULTS ON DISK OR CARDS--STP 580
IF (IDKR2LEN.ICHK(5)) WRITF (6) PHI«SUMeSUMP +PUMPT«CFLUXTWQRET.CHSTSTP 590

1oCHDNT o FLUXToSTORTAETFLXToFLXNT STP 600

IF (IPU2,EQ.ICHKI(9)) WRITE (7¢230) SUMeSUMP PUMPT«CFLUXTARETSCHSTSTP 610

1oCHDToFLUXT «STORTSETFLXTFLXNT STP 620

STP 630

20 1F (IFLO.FQ.ICHK(3)) CALL CHECK STP 640

IF (IERR,.FQ.2) GO TO 30 STP K50

IF (MOD(KToKTH) JNE.O0.ANDs IFINALJNE.]1) RETURN STP 660

30 WRITE (64210) KToDELTeSUMSMINIHRSDAYS«YRSIDAYSP«YRSP STP A70

IF (IFLOLFNR.ICHK(3)) CALL CWRITE STP 680

IT=1T+1 STP 690

WRITE (64180) (TEST3(J)eJd=1e1T) STP 700
13=1
15=0

352 15=15+40
T4=MINO(KT+15)

WRITE (64240) (I41=13.14) STP 710

WRITE (6+4260) STP 720

WRITFE (64250) (ITTD(I)e1=13414) STP 730

WRITE (64+260) STP 740

IF(KT.LELIS) 6O TO 353

13=13+40

GO T0O 352

STP 750

«==PRINT MAPS~-=-- STP 760
353 IF (XSCALF.FQ.0.) GO TO 70 STP 770

IF (FACT1.EQ.0.) GO TO S0 STP 780

DO 40 IA=1.9 STP 790

IT=LEVEL1(IA) STP 800

IF (11.EQ.0) GO TO S0 STP 810
40 CALL PRNTAC(LSIT) STP 820
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SUPPLEMENTARY DATA I--PROGRAM LISTING-~Continued

50 IF (FACT2.EQ.0.) GO TO 70 STP 830
DO 60 IA=149 STP 840
TI1=LFVEL2(1A) STP 850
IF (11.EQ.0) GO TO 70 STP 860

60 CALL PRNTA(2+17) STP 870

70 IF (IDRAWNFLICHK (1)) GO TO 100 STP RH0

STP 890

-==PRINT DRAWNOWN=-- STP 900

DO 90 K=14K0 STP 910
WPITF (64200) K STP 920

DO 90 I=1410 STP 930

DO B0 J=14J0 STP 940

RO DON(J) =STRT (T« JsK) =PHI (T4 JsK) STP 950

IF(KeFEQel) WRITE(6H4169) T (DDN(J) e J=1+J0)
TF(K.NEL.1) WRITE(64170) Te(DDN(J) e J=14J0)
90 CONTINUE

100 IF (THEAD.NE.ICHK(2)) GO TN 1720 STP 970
STP 980

-==PRINT HEAD MATRIX--- STP 990

DO 110 K=1+K0 STP1000
WRITE (6+4190) K STP1010

DO 110 I=1.10 STP1020

110 WRITFE (64170) Te(PHI(IsJeK)aJ=1+J0) STP1030
STP1040

-==WRITE ON DISk==- STP1050

120 IF (IERR,.FQ.2) GO TO 130 STP1060
IF (KPJLT.NPER,ORLIFINALJNE.1) RFTURN STP1070

IF (IDKZ2.FNJICHK(S)) WRITF (4) PHI«SUMsSUMP 4 PUMPTCFLUXTQRET+CHSTSTP1080
1oCHDT oFLUXToSTORTSETFLXT«FLXNT STP1090
STP1100

===PUNCHEN OUTPHT-=- STP1110

130 IF (IPU2WNELICHKI(9)) GO TO 160 STP1120
IF (IERR.FQ.2) GO TO 140 STP1130
WRITF (747230) SUMySUMPsPUMPT e CFLUXTORET «CHST«CHNToFLUXTsSTORTHSETFSTP1140
ILXT eFLXNT STP1150
140 DO 150 K=1+K0 STP1160

NO 150 I=1.10
150 WRITE (74220) (PHI(IeJdeK)ed=14J0)

160 RETURN
STP1200
-==FORMATS~~-~ STP1210
STP1220
STP1230
STP1240
169 FORMAT (0« 14«20F6.17/(5X20F6,1))
170 FORMAT (094 14.20F6,2/(5X«20FA,2)) STP1250
1R0 FORMAT ('0OMAXIMUM HEA() CHANGE FOR EACH ITFRATIONIt/v 4439(0=-4)/('NSTP1260
19410F12.4)) STP1270
190 FORMAT (*] ' 455Xy "HEAD MATRIXe LAYER'I3/5AX421(1=-1)) STP1280
200 FORMAT (t]1*.55X,! NRAWDOWNe LAYFER?* 4 13/59Xs1R(0=-1)) STP1290

210 FORMAT (IHIOQQXQSi("')/QS"'|'il“XO'TIME STEP NUMRFR =1419414Xs*|STP1300
14/745X4ST(=1)//50Xe29HSIZE OF TIME STEP IN SECONDS=+F14,2//55X+*T0OSTP1310
2TAL SIMULATION TIME IN SECONDS='4F14.2/780X8HMINUTES=+F14,2/82X+6HSTP1320
3HOURS=«F 14,2/R3X¢SHNAYS=4F 14,2/R2X s " YEARS=4F14,2///745X« "NURATION STP1330
40F CURRENT PUMPING PERIOD IN NAYS=?¢F14,2/R2X«*YFARS='4F14,2//) STP1340

220 FORMAT (RF10.4) STP1350
230 FORMAT (4G20.10) STP1360
240 FORMAT ('0TIME STEP :t44013) STP1370
250 FORMAT ('OITFRATIONS:t«4073) STP1380
260 FORMAT (' *sl0(*-1)) STP1390
END STP1400-
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SUPPLEMENTARY DATA I--PROGRAM LISTING--Continued

SUBROUTINF SOLVE (PHT «STRTeOLDeTeSeTReTCoaTKyWELL «DFELX«DELYSDEL79FACSP3 10
IToELeFLoGL VXT3 TFST39QRE«PERMaINGFLDIELDsINReRHIRC+RAINRAIN.
2 [R1V)

""""""""""""""""""""""""""""""""""""""""""" SeP3 30
SOLUTION RY THE STRONGLY IMPLICIT PROCEDURE SP3 40
““““““““““““““““““““““““““““““““““““““ SP3 50
SP3 60
SPECIFICATIONS: SP3 70
REAL #BPHI «RHO ¢BeDoF eHeZ oS eRHOP sWoWMINGPHOL s RHOZ e RHO 3« XPART < YPARTSP3 80
19 Z2PARTeDMIN] s WMAX s XT e YT eZTeNDARBSsNDMAXTWDEN«TXMyTYMeT7M SP3 90
REAL#8 UX,UXR
REAL #BE«ALWBLYCLIAC oG eWHaTU«UeDLsRES«SUPHWGLXT ¢ZPHI SP3 100
SP3 110

DIMENSION PHI(1)s STRT(1)s OLN(1)s T(1)Ww S(1)s TR(1)s TC(1)Ws TK(1)SP3 120
1o WELL(L) e DFLX(1) e DELY(1)e DELZ(1) e FACT(K043) e RHOP(20), TFST3(SP3 130
21)e FLCI) e FLO1) e GLE1) W VI1)Ye XI(]1)e QRF (1) SP3 140
3«ID(1)9FLNDI1) «FLDI1) «PFRM(1) «INDR(1) sRH(1) «RC(1) eRR(])

SP3 150

COMMON /INTEGR/ 104J0«KOeIloJloKLlol o JeKeNPFReKTHe TTHMAXSLENGTHWKPWNSP3 160
IWEL sNUMT o TF INAL o IToK T« THEAD « INRAWS IFLO« IFRR 4124 J2 K29 IMAX« TTMX]1+NCSP3 170
CHeIDK1 9 IDK2 s IWATERGIOQRE ¢ IP s P« [QeJQs IKeJKaKSs TPUL« [PU24ITK SP3180

COMMON /SPARAM/ TMAX +«COLTWDELTERRTEST «SUMaSUMP,40OR . T0OK SP3 190

COMMON /SARRAY/ TCHK(13)+LFVFEL1(9) LEVELZ2(9)

COMMON /EVAPO/ ETDIST«QET«GRND(S0450)

COMMON /R/ BETA

RETURN SP3 210
..D.....Q...'......Q...l‘ll...l........l...‘................'...D.Sp3 220
XD E L AL XN 2. ¥.3 Sp3 230
ENTRY ITEP SP3 240
34 3F 3 31 th 4 3 2 33 30 3F 4P 4 3H 3H 2F 3 4 32 20 3 SP3 250
~-=COMPUTE AND PRINT ITERATION PARAMFTERS--- SP3 260
WRITF (64240) SP3 270
WMIN=1.00 SP3 280
DELT=1. SP3 290
P2=LENGTH-1 SP3 300
NT=10%J0%K0 SP3 310
NIJ=10%J0 sP3 320
XT=3,141593882/(2,#J25)2) SP3 330
YT=3,141593%82/(2,%12%12) SP3 340
ZT=3.141593282/ (2, #K0#K0) SP3 350
RHO1=0.D0 SP3 360
RH02=0.00 SP3 370
RHO3=0.00 SP3 380
DO 40 K=]1.K0 SP3 390
N0 40 1=2.11 SP3 400
NO 40 J=2+J1 SP3 410
N=T+(J=1)10+(K=1)#NTJ SP3 420
IF (T(N).©),0.) GO TO 40 SP3 430
D=TR(N=-10) /DELX (J) SP3 440
F=TR(N) /DFLX (J) SP3 450
B=TC(N=1) /DELY () SP3 460
H=TC (N) /DFLY (1) SP3 470
SU=0.D0 SP3 480
Z=0.00 SP3 490
IF (KJNEo1) Z=TK(N=NTJ)/DELZ(X) SP3 500
IF (KJNEJKO) SU=TK(N)/DELZ (K) SP3 510
RHO=S (N) /DFLT SP3 520
QR=0. SP3 530
IF (K.NE.K0) GO TO 10 SP3 540
IF (IQRE.FO.ICHK (7)) QP=QRF (I+(J=1)%10) SP3 550

10 CONTINUE SP3 560
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20

30

40

50

A0

70

RO
90

100

110
120

SUPPLEMENTARY DATA I-~PROGRAM LISTING--Continued

TXM=DMAX1 (D«F)

TYM=DMAX] (ReH)

TZM=DMAX] (SUe2)

DEN=DMIN1 (D F)

IF (NDENJEN.04NO) DEN=TXM

IF (DEN.EQ.0.NO0) GO TO 20
RHO1=DMAX] (RHO1 « TYM/DEN)
DEN=OMINI (BsH)

IF (DEN.EN,0L,DO) DEN=TYM

IF (NDEN.FNL0L.N0) GO TO 30
RHO2=DMAX1 (RHOZ2 « TXM/DEN)
DEN=NMIN] (SU+7)

IF (DENENL0,D0) DEN=T7M

IF (DEN.EQ.0.NA) GO TO 40
RHO3=DMAX] (RHN3 ¢ TXM/DEN)

CONTINUE

XPART=XT/ (1.D0+RHO1)

YPART=YT/ (1.D0+RH0O2)
ZPART=ZT/(1.ND0+RHO3)
WMIN=NDMINT (WMINe XPART«YPART .ZPART)
WMAX=].D0~WMIN

PJ=-1,

NO 50 1=1.LENGTH

PJ=PJ+1,

RHOP (1) =1,0D0-(1.D0-WMAX) ##t(PJ/P2)
WRITF (64230) LENGTH«BFETAG(RHOP(J) oJ=1+LFNGTH)
RETURN

9 0 0 000 000000 LRL OO R RR P00 R0 0C 0Nt OOCOONLONPORNERRNNLNNSOOGOE OO DOYS

-==INITIALIZE DATA FOR A NEW TTERATION=---
IT=1T+1

IF (IT.LEL.1TMAX) GO TO 70

WRITE (64220)

caLL OUTPuUT

RETURN

IF (MODC(IT«LENGTH)) RB0«B0+90

LR L LR LR X

ENTRY NEWITA
343 34 3 3 3H 3L P 48 45 3 3 2 2 2L I 3 4 2 2 2
NTH=0
NTH=NTH+ ]
W=RHOP (NTH)
TEST3(IT+1)=0,
TEST=0.0
RIG=0.,.

NO 100 I=1,NT
EL(T)=0.
FL(I)=0.
GL(T)=0.
V(I)=0.
XI1(1)=0.

-==COMPUTE TRANSMISSIVITY AND T COFFFICIENTS FOR UPPER
HYNDROLOGIC UNIT WHEN [T IS UNCONFINEN---

IF (IWATFR.NE,ICHK(6)) GO TO 110

CALL TRANS(O)

=-==CHOOSE SIP NORMAL 0P REVERSE ALGORITHM---
IF (MOD(ITe2)) 12041204170

DO 150 K=14K0

DO 150 I=2.11
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SP3
SP3
SP3
SP3
SP3
SP3
SP3
SP3
SP3
SP3
SP3
SP3
SP3
SP3
SP3
SP3
SP3
SP3
SP3
SP3
SP3
SP3
SP3
SP3
SP3
SP3
SP3
SP3
SP3
SP3
SP3
SP3
SP3
SP3

SP3
SP3
SP3
SP3
SP3
SP3
SP3
SP3
SP3

570
580
590
600
610
620
~30
540
650
660
670
680
690
700
710
720
730
740
750
760
770
780
790
800
R10
R20
B30
R40
B850
860
870
880
890
900

910
920
930
940
950
960
970
980
990

SP31000
SP31010
SP31020
SP31030
SP31040
SP31050
SP31060
SP31070
SP31080
SP31090
SP31100
SP31110
SP31120
SP31130
SP31140
SP31150
SP31160
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175
126

174

128

130

SUPPLEMENTARY DATA I--PROGRAM LISTING--Continued

DO 150 J=2e.J]
N=T+(J=1)#T10+(K=1)#NT )
NIA=N+]

NIR=N~1

NJA=N+10

NJR=N-10

NKA=N+NTJ

NKRBR=N=-NIJ

-=~SKIP COMPUTATIONS IF NODE NUTSIDE MODFL-=--
IF (T(N) ,FQs0,.0R,S(N),LT,0,) GO TO 150

-==COMPUTE COFFFICIENTS--~
D=TR(NJB) /DEL X (J)

F=TR(N)/DELX(J)

B=TC(NIB) /DELY(I)

H=TC(N) /DFLY(T)

SU=0.00

2=0.D0

IF (K.NE,1) 7=TKI(NKR)/DEL7(K)

IF (KJNE.KO) SU=TK(N)/DELZ (K)
RHO=S(N) /DELT

ETA8=0.

ETAD=0,

IF(K.NEKD) GO TO 126
IF(QET.EN,0.) GO TO 1726
IF(PHI (N) JLELGRND(T+J) -~ ETNIST) GO TO 126
IF (PHI(N) .GT.GRND(T+J)) GO TO 125
ETOR=QET/FTDIST

ETQD=ETUB* (ETDIST-GRND (T« )}

GO TO 126

ETQD=QET

CONTINUE

OrR=0,

UXR=0.

ux=0,

IF (K.NE.K0) GO TO 130

IF (IQRELEQ.ICHK (7)) QR=QRE(I+(J=1)%*10)

IF(IRIV.LF.0) GO TO 178

ND=IDR(I+(J=1)%10)

IF(ND.EQ,0) GO TO 128

IF(PHI(N) ,GTL.RBI(ND)) GO TO 124

QR=QR4+RC(ND) # (RH(NN) -RB(ND))

GO TO 128

UXR=RC (ND)

QR=0QR+RC (ND) #*RH (ND)
IF(IDRAIN.LE,D) GO TO 130

ND=ID(I+(J=1)*]0)

IF(ND.EQ,0) GO TO 130
IF(ELD(NN) .GT.PHI(N)) GO TO 130
UX=FLD (ND)
QR=QR+FLN(NN) *ELD (ND)

~==S1P NORMAL ALGOR[THM=~-~

~«=FORWARD SURSTITUTF. COMPUTING INTERMEDIATF VECTOR Ve--
"= wReD=F<H=SU«7=-RHO=F TQR=UX=UXR

BL=R/(1.+wW# (EL(NIB) «GL(NIR)))
CL=D/ (1. +Ws (FL(NJR) +GL (NJR)))

C=BL*EL(NIR)

G=CL=#FL (N.JR)

WU=CL#GL (NJB)
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SP31170
SP31180
SP31190
SP31200
SP31210
SP31220
SP31230
SP31240
SP31250
SP31260
SP31270
SP31280
SP31290
SP31300
SP31310
SP31320
SP31330
SP31340
SP31350
SP31360
SP31370
SP31380

SP31390

SP31400
SP31410
SP31420

SP31430
SP31440
SP31450
SP31460
SP31470
SP31480
SP31490
SP31500



140

150

160

170

SUPPLEMENTARY DATA I--PROGRAM LISTING--Continued

U=RL#GL (NTR) SP31510
IF (K.EQ.1) GO TO 140 SP31520
AL=Z/(1e+Wt (FL (NKR) +FL (NKR))) SP31530
A=AL#EL (NKH) SP31540
TU=AL#FL (NKR) SP31550
DL=F+W* (A+C+G+WU+ TU+L) =CLHFL (NJIR) ~BLE#FL (NTR) ~AL #6L (NKR) SP31560
FLIN)=(F=W¥(A+C)) /DL SP31570
FLIMN) = {H=W# (G+TH)) /DL SP31580
GL (N) = (SU-W# (WU+U)) ZDI. SP31590
SUPH=0.D0 SP31600
IF (KJNE.KO) SUPH=SU#PH] (NKA) SP31610
RES==~R¥PHT (NTR) =D#PH (NJR) ~F#OH] (M) =F#PHT (NJA) ~H¥PHT (NTA) ~SUPH=Z#PSP31620

1HT (NKR) =WFLL (N) =RHO#0OLN (N) =OR +«F TQN SP31630

RES=RETA#RES
VIN) = (RES=AL#V (NKH) =R #V (NI =CL#V (NJR) ) /DL SP31640
GO TO 150 SP31A450
DL=E+WH (C+G+WU+U) =CL*FL (NJR) =3LEFL {NIB) SP31660
FLIN) = (F=weC) /DL SP31670
FLIN) = {(H=W#G) /NL SP31680
GL (N) = (SU-W# (Wl)+U) ) /DL SP31490
SUPH=0.D0 SP31700
IF (K NEKO) SUPH=SH#PHT (NKA) SP31710
RES==R¥PHT (NIR) =D#PHI (NJB) =E #PH] (N) =F#PHT (MJA) ~H®PH[ (NI A) -SUPH-WELSP31720

1L (N) =RHO#OLD (M) =0R SP31730

RES=RETA#RES
VIN) = (RES=BL#V(NIR)=CL#*V (N.JR)) /DL SP31740
CONTINUE SP31750

SP31760

-=-=AACK SUBSTITUTE FOR VFCTOR X[=-=- SP31770
NO 160 K=1,k0 SP31780
K3I=K0-K+] SP31790
PO 160 1=1,172 SP31R00
13=10-1 SP31810
NO 160 J=1+J2 SP31R820
J3=Jo-J SP31A30
N=T3+(J3=11810+(K3=1)#NTJsT~1 SP31R40
IF (T(N)oFQ.0.,0R.,S(N).LT,0,) GO TO 160 SP31850
GLXI=0.00 SP31860
IF (K3.NF.KO) GLXI=GL(M)#X[ (N+NTJ) SP3]1A70
XTAINY=VIN) =FC (NI EXT(N+T0)=FL (M) #XT (N+1)-6GLXI SP31880

SP31A90
~==COMPARE MAGNITUNDE 0OF CHANGE WITH CLOSURE CRITFRIA=-- SP31900
TCHK=ARS {XT (N)) SP31910
IF (TCHK,GT.RIG) BIG=TCHK SP31920

PHT (M) =PHT (N) + XT (N) SP31930
CONTINUE SP31940
IF (BIG.GT.ERRY TFST=1, SP31950
TFST3(IT+1)=RB16 SP31960
IF (TESTLEN.N.) RETURN SP31970
GO TO 60 SP31980
0..'.!.....l..t'l.l..l...Qt...t..-.I'..D..0.l...l'l'....'..C.!Ql'lspalqgo
NO 200 KK=1eK0 SP32000
K=KO~KK+1 SP32010
DO 200 1I=1.17 SP32020
I=10-11 SP32030
DO 200 J=2.J) SP32040
N=T+(J=1)#10+(K=1)%NTJ SP32050
NIA=N+1 SP32060
NIR=N-] SP32070
NJA=N+10 SP320R0
NJR=N=10 SP32090
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175
176

174

178

1R0

SUPPLEMENTARY DATA I--PROGRAM LISTING--Continued

NKA=N+NTJ
NKR=N=-NT )

===SK[P COMPUTATIONS [Ff NODE OUTSINE AQUIFER~-~-
GO T0 200

IF (TUIN)FQ.0,.0R.S(N) LT, 0,)

~==~COMPUTF COFFF ICIFNTS==~
D=TR(NJB) /DFL X (J)
F=TR(N)/DFLX(.))

B=TC(NIR) /DFLY (I}

H=TC(N) /DFLY (1)

SU=0.0D0

7=0.D0

IF (K.NE,1) Z=TK(NKR)/DFL7(K)
IF (K ,NE,K0) SU=TK(N)/NFLZ(K)
RHO=S(N) /DELT

FTOR=0,

ETQN=0.

IF(K,NE.KN) GO TO 176

IF(PHI(N) ,LF.GRND (I «J) = FTNIST)
IF (PHI(N) .GT,GRND(I«.)) GO TO 175

FTOR=QET/FTDOIST
ETON=ETOUR*(ETDIST-GRND(].J))
GO T0 176

ETQD=QET

CONTINUE

NR=0,

UXR=0,

Uyx=0n,

IF (K.NE.K0) 60 TO 1RO

IF (IOREL.FQ,ICHK (7)) QR=QRE(T+(J-1)%10)

IF(IRIV.LE.O0) GO TO 178
ND=INR(I+(J=-1)%10)
IF(ND.EQ,N) GO TO 178
IF(PHI(N) ,GT.RRB(ND)) GO TO 174
QR=QR+RC (MND) # (RH(ND) =RR(ND) )
GO TO 178

UXR=RC (ND)
QR=QR+RC (ND) #RH (ND)

IF (IDRAIN.LE.N) GO TN 180
ND=ID(I+()-1)%10)
IF(NDJEQ.0) GO TO 180

IF(FLO(ND) +GT PHI(N)) GO TO 180

UX=FLD(ND)
QR=QR+FLN (ND) *F LD (NN)

~==SIP REVERSF ALGORJTHM==-

-==FORWARD SURBRSTITUTF. COMPUTING
E==B=-D=F =H=5U=7-RHO=-F TQHK=-1IX=UXR

BL=H/ (1, +W¥ (FL(NIA)+GL(NTA)))
CL=D/Z (1, +WH(FL(NJB) +GL (NJR) )
C=BLH#EL (NTA)

G=CL#FL (NJRB)

wU=CL#GL (NJR)

U=RL#GL (NIA)

IF (K EQ.,K0) GO T 190

AL=SU/Z (1, +W* (EL (NKA)+FL (NKA)))
A=AL®EL (NKA)

TU=AL®#FL (NKA)

DL=F+WH (C+G+A+WU+TH+ ) =AL®GL (NKA) =BL#FL (NTA)=CL#*FL (NJB)

EL(N)=(F=w#(C+A)) /DL

GO TO 176

INTERMFENTATF VECTOR V-=-

SP37100
SP32110
SP32120
SP372130
SP32140
SP32150
SP32160
SP32170
sP32180
SP32190
SP32200
SP32210
SP32220
SP32230
SP32240
SP32250

SP32260

SP32270
SP32280

SP32250
SP32300
SP32310
SP32320
SP32330
SP32340
SP372350
SP32360
SP32370
SP32380
SP3239¢0
SP32400
SP32410
SP32420
SP32430
SP32440
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SUPPLEMENTARY DATA I--PROGRAM LISTING--Continued

FLIN)=(B=-W*(G+TU)) /DL 5P32450
GL(N)=(Z-w# (WU+U)) /0L SP32460
ZPHI=0.D0 SP32470
IF (KeNE.1) ZPHI=Z#PHI (NKR) SP32480
RES==B%*PHI (MIR) =D#PHT (NJR) =E#PHI (N} =F#PHT (NJA) =H#PHI (NI A) -SU#PH] (NSP32490
1KA) =ZPHI=-WFLL (N) =RHO*0LD (N) =QR SP32500
RES=RETA#RES
VIN) = (RES=AL#V (NKA) =RL#V(NTA)=-CL®*V(NJR)) /DL SP32510
GO TO 200 SP32520
190 DL=E+WH(C+G+WU+))-BL#FL(NIA)-CL®*FL (NJB) SP32530
EL(NY=(F=-w®C) /DL 5P32540
FLAN)=(B-W#*G) /DL SP32550
GL (N) = (Z=-w* (WU+U)) /DL SP32560
ZPHI=0.D0 SP32570
IF (KeNE,1) ZPHI=Z#*PH[ (NKR) SP32580
RES==B#*PHI (NIB) =D#PHT (NJB) =E¢PHI (N) =F#PHI (NJA) =H*PHI (NIA) -ZPHI-WELSP32590
1L (N) =RHO*OLD (N)=QR+ETAD SP32600
RES=RETA#RES
VIN)=(RES-RL#V(NIA)-CL#*V(NJR)) /DL SP32610
200 CONTINUE SP3°2620
SP32630
~-=BACK SUBSTITUTE FOR VECTOR X]=-=- SP32640
NO 210 K=1+K0 SP32650
DO 210 1=2.11 SP32660
DO 210 J=1+J7 SP32670
Ji=un-J SP32680
N=T+(J3-1)*I0+(K=-1)4NTJ SP37690
IF (TIN)FQ.0,.0R,S(N)LT,0.) GO TO 210 SP32700
GLXI=0.D0 SP32710
IF (KJeNEL1) GLXI=GL(N)#XT (N=NTJ) SP32720
XTANY=V(N)=FEL(N)#XT(N+T0)-FL(N)#XT{(N=-1)-GLXTI SP32730
SP32740
-==COMPARF MAGNITUDE OF CHANGF WITH CLOSURE CRITFRIA=--- Sp32750
TCHK=ABS (XT (N)) SP32760
IF (TCHK.GT.RIG) RIG=TCHK SP32770
PHI (N) =PHT (N) +XT (N) SP32780
210 CONTINUE SP321790
If (RIG.GT.ERR) TEST=1, SP32800
TESTA(IT+1)=RIG SP32810
IF (TEST.FQ.N.) RETURN SP32820
GO T0 60 SP32830
.co'0000.'o'oo....-.-.-.o.o.l..l.-al--0--Q..-a-l--..loo..-otoolcoogp3?8“0
SP32R50
-==FORMATS ==~ SP32860
SP32870
SP32880
SP32890

270 FORMAT (+0EXCFEDED PERMITTED NUMBER OF ITFRATIONS® /v 1,39(e20)) SP32900

230 FORMAT (///1H0«IS5e5XeF4e2422H TTERATION PARAMFTERS: yOE1S5.7/(/2BX+6
1£15.77))

240 FORMAT ('=1,44Xy'SOLUTION BY THE STRONGLY IMPLICIT PROCEDURE'/45X,SP32920

143(0_1)) SP32930
END SP32940-
SUBRNUTINF COFF (PHI+STRT4OLNDsTeaSeTRyTCoaTK+WELL sDELX«DELYDELZ+FACTCOF 10
1+ PERM¢BOTTOM 4 ORE ) COF 20
------------------------------------------------------------------ COF 30
COMPUTE COFFFICIENTS COF 40
------------------------------------------------------------------ COF 50

COF 60
SPFCIFICATIONS: COF 70
REAL #8PHT COF 80

105
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SUPPLEMENTARY DATA I--PROGRAM LISTING--Continued

COF 90
DIMENSION PHI(I0«J0eKD) o STRT(IIN«JOIKD) « OLD(T0sINsKO) s T(10+.00+KOCOF 100

1) e S(I0eJOKD)y TRITIO4JOKO) e TC(T0eJ09K0) e TKITKeJKsKS) e WELL(IOCCOF 110
2J0eK0) o DFLX(JO) e DELY(IO0) e DFLZ(KO)y FACT(K0«3) e PERM(TP«JP)e BOTCOF 120
3TOM(TIPeJP) » QRF(IQ.JN) COF 130

COF 140
COMMON /INTEGR/ T0«JO0aKOaTloJdlaKlaTaJoKoeNPFR4KTHaITMAXLENGTHeKP «NCOF 150
TWEL NUMT Q@ IFINAL o ITeKT o IHF AD« IDRAW e IFLOSTFRReI2 e J2 K24 TMAX«1TMX]1 ¢NCCOF 160

CHeTDK] e INDK2 e TWATEFRIQRF 9 IP e P« TI0eJQe K4 IKeKS«IPUT«[PU2HTTK COF170
COMMON /SPARAM/ TMAXCDLT«DELT+ERRSTEST «SUMSUMP4NRWINOK COF 180
COMMON /SARRAY/ [CHK(13)«LEVFLL(9) «LEVEL?(9)

RETURN COF 200
OOIOOO.OQ.OUOOQ..OQQQO...lt'.’i.‘l.h.!..l.'l0QOQ.O.O".QQ..’Q..Q..COF 210
~==COMPUTF TRANSMISSIVITY FOR UPPER HYNDROLOGIC UNIT WHEN COF 220
IT IS UNCONFINED=~=- COF 240
LR R R R R ER YL IR COF 240
FNTRY TRANS(N3) COF 250
BUHBBBULBBD BB BB ULY COF 260
DO 10 I=2.11 COF 270
DO 10 J=2.J1 COF 280
IF (PERM(I+J)EQ,04) GO TN 10 COF 290
T(IeJeKO)=PERM(T e ) #*(PHI (T4 JeK0)=ROTTOM(I4J)) COF 300
IF (T(IeJeKO).GT0L) GO TO 10 COF 310
IF (WELLA(TeJeKO)LT.0,) WRITE (AehN) TaedekO COF 320
IF (WELL(TeJeKO)GFELO,) WRITE (6¢70) TeJeKO COF 330
PERM(TI «J) =0, COF 340
T(IeJeKO)=0. COF 350
TR(I+J=1eK0)=0, COF 360
TR(I+JeKO) =0, COF 370
TC(I+«JeKO) =0, COF 380
TC(I-1eJek0O)=0. COF 390
IF (KOJNEL]1) TK(TedeK])=0, COF 400
PHI(I+JeKN)=1,D030 COF 410
10 CONTINUE COF 420
IF (N3.EQ.1) RETURN COF 430
N1=KO COF 440
NZ2=K0 COF 450
Na=K1 COF 460
GO TQ 20 COF 470
-==COMPUTF T COEFFICIFNTS=--- COF 480
BUBBBULBLHBL S BLHHS COF 490
ENTRY TCOF COF 500
BHUBBBLBUB AL DB B NLL S COF S10
N1=1 COF 520
NZ2=K0 COF 530
N4=1 COF 540
20 DO 40 K=N1«N? COF 550
DO 40 I=1.11 COF 560
DO 40 J=1.J1 COF 570
IF (T(IeJaK)FQJ0) GO TO 40 COF SR0
IF (T(TeJ+1leK)EQLDe) GO TO 30 COF 590
TRITedeK)= (28T (ToJel o )T (T o)oK} /(T (T edeK)I#DELX(J*+]1)+T(TaJe]l4K)#COF /00
IDELX(J) ) #FACT (Kel) COF 610
30 IF (T{I+1eJeK)FQL0L) GO TO 40 COF 620
TC I oJoK) = (2T (T4l 0 JaK)ET(TedeK))/ZUT (T o JaKIUDNFELY(T+1)+T(T+]19JeK)*COF 630
IDELY (1)) #FACT (Ke2) COF 640
40 CONTINUE COF 650
IF (KOLEQ 1 oOR,ITKJEQLICHK(10)) RETURN COF660
DO S0 K=N4.K1 COF 670
DO 50 I=2.11 COF 680
DO 50 J=2+Jl COF 690
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IF (T(IeJaK+1)EQ.D,) GO TO S0 COF 700
TI=T(IeJeK)#FACT (Ka3) COF 710
T2=T(1aJsK+1)#FACT(K+143) COF 720
TRKAT o JoK) = (2.%T2%T1) /{TIHDFLZ (K4 1) +T2#DEL7 (K)) COF 730
CONTINUE COF 740
RETURN COF 750
COF 760
CoF 770
FORMAT (*=1a?20 (0% 0) o' WELL'e2T130! IN LAYER'«I34" GOFS DRY " 42Xe? (DURT
ING NFXT TIMF STEP) 1)
FORMAT('=1e20( % 0) o 'NODEY42T3e' IN LAYFR®*413¢" GOFS DRY " 42Xs ! (DURI
ING NEXT TIME STEP) ')
END COF 800~
SUBROUTINF CHECKI (PHT «STRPTeOLDoTaSaTReTCoeTK WFLL«NFLX«DELYSDELZyFACHK 10
ICTaJFLOSFLOWGORE o INsFLNaELN«INRsRHeRCIRRy TDRAINSIRIV)
------------------------------------------------------------------ CHK 30
COMPUTE A VOLUMETRIC SALANCE CHK 40
---------------------------------------------------------------- -=CHK 50
CHK 60
SPECIFICATIONS: CHK 70
REAL #8PHI CHK 80
CHK 90
DIMENSTION PHTI(T10eJ0sK0O) e STRT(INGJOKO0) s OLDUITOaUNKO) s TLINGJOSKOCHK 100
1)e SCI04UNeKN) o TRIINGJOGKOD) sy TCUIOsUNIKN) 9 TK(IKeJKKS) s WELL(INLCHK 110
2J0+KO0) « DFLX(JO) s DELY(I0) s DFLZ(KO) e FACT(KNO«3) s JFLO(NCHe3) e FLOCHK 120
BW(NCH) s ORFIT0eJAQ) e TAN(40438) «XRAY(S50450) s YRAY (50,50) CHK 130
AeINCT0JB) SFLD L) SELD(L) « IDR(TO«JO) sRH(L) +RC(1)JRR(])
CHK 140
COMMON Z/INTFGR/ JOeJNaKODaTleJdleKlal o JoaKeNPERGKTHeTTMAX S LFNGTHeKP+NCHK 150
IWEL oNUMT o TF INAL o ITo KT« THEADCINRAWS IFLOGIFPRaTIZ24J2 K24 IMAXSITMX]14NCCHK 160
CHeIDK1 o INK2 e IWATERGIORF «a TP e JPaIN e JQsTKaJKeKSeIPUL s [PUZ24]1TK CHK170
COMMON /SPARAM/ TMAXWCDLT«DFELTsERRyTEST9SUMsSHMP «QR 4 10K CHK 180
COMMON /SARRAY/ TCHK(13)«LFEVELL(9) LEVEL219)
COMMON /CK/ ETFLXT+STORTSORET«CHSTSCHDT«FLUXT«PUMPTJCFLUXTSFLXNT CHK 200
COMMON /EVAPO/ FTDIST«QET<GRNN(50450)
RETURN CHK 210
.............l..."..'.'i..................Q....'.......l....l'..!CHK 220
BB LB BBSBLRUL OB CHK 230
ENTRY CHECK CHK 240
R X R R CHK PS50
-==INITIALIZF VARIARLFS-=-- CHK 260
PUMP=0., CHK 270
STOR=0. CHK 280
FLUXS=0.0 CHK 290
CHD1=0.0 CHK 300
CHNZ=0.0 CHK 1310
OREFLX=0, CHK 320
CFLUX=0. CHK 330
FLUX=0. CHK 340
ETFLUX=0, CHK 350
FLXN=0.0 CHK 3610
11=0 CHK 370
.l.'..'..'.’...'.l....‘..l..'..............."‘......'l..‘........CHK 380
CHK 390
--=-COMPUTF RATES.STORAGE AND PUMPAGE FOR THIS STFP=-==- CHK 400
DO 220 K=1.K0D CHK 410
D0 220 I=7.11 CHK 420
NOo 220 J=2«Jl CHK 430
IF (T(IeJaK)FNeN,) GO TO 220 CHK 440
ARFA=DELX (D) ¥NFLY (1) CHK 450
VOLUME =ARFA®NDFILZ (K) CHK 455
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SUPPLEMENTARY DATA I~--PROGRAM LISTING--Continued

IF (S({leJeK)GF.0,) GO TO 180

-==COMPUTE FLOW RATES TO AND FROM CONSTANT HEAD BOUNDAR]FS=--
11=11+1

FLOW(II)=0.

JFLO(IT«1) =K

JFLOC(IT.2) =1

JELO(ITe3) =

IF (q(l'J"lQK)aLT.O..OpoT‘IlJ-IQK).EQOO.) (€19) T() 30
X=APHI(ToJeK)=PHI(TsJ=1eK) ) 2TR(TeaJ=1eK)#NDFLY(])
IF(IFQONCFQGICHK(11)) X=X#DELZ (K)
FLOW(IL)=FLOW(IT)+X

IF (X) 10430420

CHD1=CHD] +X

G0 10 30

CHD2=CHD2+ X

IF (Q(I’J“OK)aLTQOnt”paT‘,OJ‘IQK)IE()QOQ) GO TO A0
X=(PHI(I o JeK)=PHI(ToJeleK)I#DFLY(II#TR(Te.)oK)
IF(TEQNGEQICHK(11)) X=X®DFLZ (K)

FLOW(II) =FLOW(IT)+X

IF (X) 4060450

CHD1=CHD1+X

GO TO 60

CHD2=CHDP2 +X

IF (KJEQ.1) GO TO 90

IF (S(IeJeK=1) el Te04oORT(TsJeK=1).EQuN.) GO TO G0

Xz (PHI (Lo )oeK)=PHI (I s JeK=1) ) #TK(TaSaK=1)*ARFA®? /(DELZ(K) +DELZ (K=1)
D

FLOWCTIL)=FLOW(TI)+X

IF (X) 70490.80

CHN1=CHD1+X

GO TO 90

CHDZ2=CHD2 + X

IF (K.EQ.KND) GO TO 120

IF (S(IeJeKel) sLTo04eORLT(IsJaK+1)EQL04) GO TO 120

X=(PHI (19 JoK) =PHI(ToJoeK+ 1)) #TK(T o JoK) #AREA®2, /(DFELZ(K) ¢DFL7 (K+1))

FLOW(II)=FLOW(TI) +X

IF (X) 10041204110

CHD1=CHD1 +X

GO TN 120

CHD2=CHD2+X

IF (S(I=10JeK) oL Te04aORLT(I=14JsK)EQ.N.)} GO TO 150
Xz (PHI(ToJoK)=PHI(T=10 sk ) ) #TCII=1aJyK)HDFLX(J)
IF(IFQNLENVICHK (11)) X=X#DFLZ (K)
FLOW(ITI)=FLOW(IT) ¢X

IF (X) 13041504140

CHDI=CHD1 + X

GO 1O 150

CHDZ2=CHDZ +X

IF (S(I¢1eJsK) ol Te0eoORT(I+1eJoK)FQ.NL) GO TO 220
X=(PHI(LoJsK)=PHI(1¢1adeK) ) ETC(TsJeK) #DELX (D)
IF(IFQNLENLICHK (1)) X=X#DELZ (K)
FLOW(IT)=FLOW(IT) +X

IF (X) 1A0+220.,170

CHD1=CHD 1 +X

GO 10 220

CHD2=CHD2+X

GNH 10 220

-=-RECHARGE AND WELLS=-=-
IF (K.EQ.K0.ANDLTQRE ENLICHK (7)) QREFLX=0REFLX+QRF ([ +J) #AREA
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SUPPLEMENTARY DATA I--PROGRAM LISTING--Continued

IF (WELL(TeJeK)) 1902104200 CHK1030
PUMP=PUMP+WELL (1 sJeK) *AREA CHK1040
GO TO 210 CHK1050
CFLUX=CFLUX*WFLL(T+JeK)*AREA CHK1060

CHK1070
-==COMPUTF VOLUME FROM, STORAGE=--= CHK1080
STOR=STOR+S (T JeK)I#(OLD{] e JeK)=PHI (T eJosK) ) #ARFA CHK1090

IF(K.NEJKO,OR,IRIV.LF,0) GO TO 217

COMPUTE LFAKAGE TO RIVER

ND=TDR (I,J)

IF(ND.EQ.N) GO TO 212

IF(PHI(T1eJsK) .GTLRB(ND)) GO TO 211
FULXN=RC(ND)# (RH(ND)=RB(ND)) *AREA+FLXN

GO TO 212
FULXN=RC(NM) # (RH(ND) =PHT (T eJeK) ) #AREA+FLXN
IF(K.NEJKN,OR,IDRAINLLFL0) GO TO 213
COMPUTE LFAKAGE TO DRAIN

ND=ID(I«J)

IF(NDLEQ,N) GO TO 220

IF(ELDIND) «GTPHI(TsJeK)) GO TO 220
FLUX=FLUX+FLD(ND) #AREA® (ELND(ND) =STRT (T eJeK}))
FLXN=FLXN+FLD(ND) #ARFA* (ELD(NN)=PHI (1 +¢JeK))
FLUXS=FLXN

IF (K NE.KOGO TO 220

COMPHTE EVAPOTRANSPIRATION
IF(PHI(TeJeK) ,GE.GRND (1) =ETNIST) GO TO 715
G0 T0 217

TF(PHI(IsJeK) JLELOGRNDIT«)) GO TO 216
ETQ=0NET

G0 T0 217
ETQ=QET/ETOISTH#(PHI(ToeJeK)+ETNIST=GRNN(T¢J)})

ETFLUX=ETFLUX=-FTQ®*ARF A
FLUXS=FLXMN
CONTINUE CHK1100
0'Q‘.'.'....0.'.0.'..‘.000...0.'.0..0.0...'.00QOOQOOOOOQOOQOOOQ.OOCHKlllo
CHK1120
-==COMPUTE CUMULATIVE VOLUMES. TOTALSe AND DIFFERENCES=-- CHK1130
FLXPT=0,0 CHK1140
FLXNT=FLXNT=FLXN¥DELT
ETFLXT=ETFLXT-ETFLUX*DFLT
STORT=STORT+STNR CHK1150
STOR=STOR/DELT CHK1160
QRET=QRET+QREFLX®DFLTY CHK1170
CHOT=CHDT=-CHD1#DELT CHK1180
CHST=CHST+CHDP*DELT CHK1190
PUMPT=PUMPT=PUMP*DFLT CHK1200
CFLUXT=CFLUXT+CFLUX®*DELT CHK1210
TOTLI=STORT+QRET+CFLUXT+CHST+FLXPT CHK1220
TOTL2=CHDT +PUMPT+ETFLXT+FLXNT CHK1230
SUMR=QREFLX+CFLUX+CHDZ2+CHN]1 +PUMP+ETFLUX+FLUXS+STOR CHK1240
DIFF=TOTL?=TOTLI1 CHK 1250
PERCNT=0,0 CHK1260
IF (TOTL2.EQ.0,) GO TO 230 CHK1270
PERCNT=DIFF/TOTLZ2%*100, CHK 1280
RETURN CHK1290
....'......‘..'QQ.'.l....'...‘..‘.'...'.'.....Q.‘.‘.".Q"Q.....OQCHK1300
CHK1310
~==PRINT RESULTS==- CHK1320
R L T R R R CHK1330
ENTRY CWRITE CHK1340
BoseBIBBBABBB BB EN DY CHK1350
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SUPPLEMENTARY DATA I--PROGRAM LISTING--Continued

CHK1360
WRITE (64260) STORQREFILXaSTORTsCFLUXQRFT ¢PUMP CFLUXT o FTFLUX«CHSTCHK1370
LeFLXPTeCHNZ « TOTLL4CHDL «FLUX «FLUXSeETFLXToCHDT «SUMR«PUMPT oFILXNT+TOTCHK1380
2L2+DIFF «PERCNT CHK1390
IF (NCH.EQ.0) GO TO 240 CHK1400
WRITE (64,270) CHK1410
WRITE (6¢7280) ((JFLO(TeJ)eJ=1e¢3)FLOW(T)eI=1sNCH) CHK1a420
CHK1430
~~=COMPUTF VERTICAL FLOW=~-=~ CHK1440
240 X=0,. CHK1450
Y=0. CHK1460
IF (K0.EN.1) RFTURN CHK1470
DO 250 1=2.11 CHK1480
DO 250 J=?.J1 CHK14930
XRAY (I¢J)=0.0
YRAY(1eJ)=0.0
Z=0
2= (PHI(ToJel)=PHTI(TeJe2))#TK(TeJe 1) #DELX () #NELY (1) #2./7 (DELZ (1) +DE
iLZ(2))
X=X+7
XRAY (I+J)=2
2=0
Z=(PHI(T ¢ JoK1)=PHI(T3JeK0))#TK (T e JeK1)HDELX(J)HDELY (D) #2,/(DELZ (K]
1)+DFLZ(KO))
Y=Y+7
250 YRAY(IJ)=7
IF(IOK.EN.0)GO TO 251
WRITE (64+297)
DO 252 1=2.11
252 WRITE(6+296) Te(XRAY([eJ)eJ=2,,d1)
WRITE (6+298)
DO 253 I=2.11
253 WRITFE (64296) T+(YRAY(IeJ)ed=2eJ1)
251 WRITF (64290) Y4X
RETURN CHK1550
CHK 1560
~==FORMATS ==~ CHK1570
CHK1580
-------------------------------------------------------------- CHK1590
CHK1600
CHK1610
CHK1620
260 FORMAT ('0'410Xe'CUMULATIVF MASS RALANCF (' alAXa'L##314,23Xe'RATES FCHK1630
10R THIS TIME STEP: o 16Xe L ##3/TV/11Xs24(1=9)043Xe25('=*)//20X+'SOUCHK]1640
CRCESI Y eH9X W 'STORAGE =t 4F20,4/20XeR (=) 468X« 'RFCHARGE =t%4F20,4/2TXCHK1AS50
3¢ISTORAGE, =14F20,2+35X« "CONSTANT FLUX =1 4F20,4/26X e 'RECHARGE ='+F2CHK1660
4042081 Xe*PUMPING =1'9F20e4/21 X« 'CONSTANT FLUX =1'4F20.2+¢30X«*EVAPOTRCHK]1670
SANSPIRATION =t 4F20,4/721 X« CONSTANT HFEAD =9+4F20.2¢34Xs*CONSTANT HEACHK1680
6DV /2TX LEAKAGE ='eFP0.2¢4HXe'IN =1 4F20,4/721 X' TOTAL SOURCES ='.FCHK1690
720e2945Xe'QUT =1 4F20.4/96 X 'LFAKAGE IV /20X e "DISCHARGES ! ' 445X s *FROM CHK1700
BPREVIOUS PUMPING PERIOND ='«F20.4/20Xs11('=7)+sA0X«*'RTIVER LEAKAGE ='CHK1710
QeF20.4/1AXy "EVAPOTRANSPIRATION =1 eF20,2/2)1 X« *CONSTANT HF AN =1F20,CHK1720
§2936Xe'SUM OF RATES =veF20.4719X'QUANTITY PUMPFD ='4F20.2/21X«*RIVCHK1730
S&ER LEAKAGFE ='4F20.2719X«'TOTAL DISCHARGE =14 F20,2//717Xe'DISCHARGE~CHK1740
S&SOURCES =1v4F20.,2/15X«'PER CFENT DIFFERENCFE =1'4F20.7/7) CHK1750
270 FORMAT (' FLOW RATES TO CONSTANT HEAD NONDES:t/y s34 (v=2)//y 43 (9CHK1760
IXe 'KV olXo 0[P elXetJ?gSX'RATE (L##I/T) V) /0 14 3(9Xat=194XKet=0y4Xg'=1CHK1T7T70
2+5Xe13(0=1)) /) CHK1780
280 FORMAT (/(1Xe3(110e215G18.7))) CHK1790
290 FORMAT (YOFLOW TO TOP [ AYFR =14G15,7" FLOW TO 30TTOM LAYER =*'+GCHK1RO00
115.7? POSITIVE UPWARDY) CHK1810
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SUPPLEMENTARY DATA I--PROGRAM LISTING--Continued

FORMAT ("0 4 1Xe12410F1247+3(/4Xs10F12.,7))
FORMAT(*19e52Xs'FLOW TO RBOTTOM LAYER RY NODE*//)

FORMAT (1] ¢52Xe'FLOW TO TOP LAYER BY NODFE'//)
END CHK1820~
SURROUTINF PPNTAT (PHI «STRTeTeSeWELL«DFLXWNFLY) PRN 10
----------------------------------------------------------------- PRN 20
PRINT MAPS OF DRAWDOWN. AND HYNDRAULIC HEAD PRN 30
------------------------------------------------------------------ PRN 40
PRN 50
SPECIFICATIONS: PRN 60
REAL #BPHT¢Z«eXLABEL « YLABEL «TITLE ¢ XN1 +MFSUR PRN 70
REAL #4K PRN 80
PRN 90
DIMENSION PHI(IN«JNsKO) 9y STRT(IO0«J0+KO) s S(I0«J0eKO0)Ye WELL(IODeJOWKPRN 100
10)e DELX(J0) s DELY(I0)e T(I0sJO«KO) PRN 110
PRN 120
COMMON /TINTEGR/ T0eJ0eKDaTleJleKloTsJoaKeNPERKTHyITMAXLFENGTHsKP«NPRN 130
IWEL «MUMT g TFINAL o ITeKT o IHEAD o INRAWIFLO S IERPR G I2eJ2eK2s IMAXsTTMX1 oNCPRN 140
PHeIDKL e IDK2 e IWATER G IQRFE v IP«JP«IQ0JQ o [Ke UK sKS5eTPUL « IPU29ITK PRN150
COMMON /PR/ XLABEL (3) « YLAREL (R) s TITLE(6) « XN]1 yMFSURWPRNT (122) «BLANKPRN 160
1(A0) «DIGIT(1I?22) s VF1(6) «VF2(6) «VF3(T) s XSCALF +DINCH«SYM(17)+XN(100)+sPRN 170
2YN(13) +NA(4) sMN] «NZ2eN3sYSCALF «FACT]+FACT?2 PRN 180
RF THRN PRN 190
....'........‘..'..........'....'......'.............'..........‘.ppN 200
PRN 210
-==INITIALIZF VARIABLFS FOR PLOT=== PRN 220
I AE AR L AR A AL 2 4 A 4 SH AL AL 4 48 2 PRN 230
FNTRY MAP PRN 240
BHBBBABU B BE S BB B PRN 250
YNDIM=0. PRN 260
WINTH=0, PRN 270
DO 10 J=2.J] PRN 280
WIDTH=WIDTH+DFLLX (J) PRN 290
DO 20 I1=2.11 PRN 300
YDIM=YDIM+DELYI(T) PRN 310
XSF=DINCH#XSCALE PRN 320
YSF=DINCH®YSCALE PRN 330
NYD=YDIM/YSF PRN 340
IF (NYD#YSF,LF.YDIM=DELY(T1)/7¢) NYD=NYD+] PRN 350
IF (NYD.LF.12) GO TO 40 PRN 360
DINCH=YDIM/ (12.%YSCALE) PRN 370
WRITFE (6+330) DINCH PRN 380
IF (YSCALF LT 1.0) WRITE (Ae360) PRN 390
GO Tno 30 PRN 400
NXD=WIDTH/XSF PRN 410
IF (NXD#XSFLE.WIDTH=DFLX({J1)/72.) NXD=NXD+1 PRN 420
Na=NXO%N]+1 PRN 430
NS=NXD+1 PRN 440
NA=NYD+1 PRN 450
NB=N2#NYD+] PRN 460
NA(1)=Na4/s>2-1 PRN 470
NA(2)=N4y/? PRN 480
NA(3)=N4/p2+3 PRN 490
NC=(N3-N8-10)/2 PRN 500
ND=NC +NBR PRN 510
NE=MAX0 (NS +N6) PRN 520
VFI(3)Y=DIGIT(ND) PRN 530
VF2(3)=DIGIT(ND) PRN S40
VFE3(3)=DIGIT(NC) PRN 550
XLARFEL (3) =MESUR PRN S60
YLAREL (6) =MESUR PRN 570
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SUPPLEMENTARY DATA I--PROGRAM LISTING--Continued

N0 A0 I=]1NE PRN S80
NNX=N5-1 PRN S90
NNY=T1-1 PRN A00
IF (NNY.GF NA) GO TO 50 PRN 610
YN(I)=YSF#NNY/YSCALE PRN 620
IF (NNXLLT.D) GO TO AO PRN 630
XN(I)=XSF#NNX/YSCALF PRN 640
CONTINUE PRN 650
RETURN PRN 660
..l'..".......l..lll..0.0.00."...'DO..QIO.O.Q.Il.l'.'l..l.ll."lppN 670

PRN 680
443t 44 20 2H 2 28 30 3 35 38 3 3H 44 2H B 3L 38 pQN 690
ENTRY PRNTA(NG.LA) PRN 700
X X222 2-X-F- XX XXX L-RR-E ¥ ¥ pRN 710
-==VARIABLES INITIALIZFD FACH TIMF A PLOT IS REQUFSTED==-- PRN 720
DIST=WIDTH-DELX(J]1) /2. PRN 730
JJ=J1 PRN 740
LL=1 PRN 750
Z=NXD#XSF PRN 760
IF ING.EQ.1) WRITE (6300) (TITLE(I)eI=1e3)LA PRN 770
IF (NG.EQ.2) WRITF (6300) (TITLE(I)sI=44h) LA PRN 780
DO 290 I=1N4 PRN 790

PRN ROO
~==LOCATE X AXES~~~ PRN R10
IF (1.EQ.1.0R,I.EQ.N&) GO TO 70 PRN B20
PRNT (1) =SYM(12) PRN 830
PRNT (N8)=SYM(]12) PRN R40
IF ((I-1)/N1#N1.NE.I-1) GO TO SO PRN RS0
PRNT (1) =SYM(14) PRN 860
PRNT (NB) =SYM(14) PRN 870
GO TO 90 PRN BBD

PRN 890
-~=_LOCATE Y AXES-=-- PRN 900
DO BD J=1.N8 PRN 910
IF ((J=1)/N2#N2.EQ.J=1) PRNT())=SYM(14) PRN 920
IF ((J=1)/N28N2.NEJ=1) PRNT(J)=SYM(]13) PRN 930

PRN 940
-==COMPUTF LOCATION OF NODES AND DFTERMINF APPROPRIATE SYMBOL~~- PRN 950
IF (DIST.LT.0..0RNDISTLTLZ=-XN1#XSF) GO TO 240 PRN 960
YLEN=DELY (2) /2. PRN 970
DO 220 L=Ps11 PRN 98D
J=YLEN#N2/YSF+1,5 PRN 990
IF (T(LeJJoLA).EQ.N,) GO TO 160 PRN10OO
IF (S(LeJJeLA) LT.0.) GO TO 210 PRN1010
INDX3=0 PRN1020
GO TO (10Nne110)4 NG PRN1030
K=(STRT(LeJJeLA)=PHI(LoeJJeLA))H#FACTI PRN1040
-TO CYCLE SYMROLS FOR DRAWDOWNs REMOVE C FROM COL. 1 OF NEXT CARD-PRN10S50
K=AMOD(Kel10.) PRN1060
GO Y0 120 PRN1070
K=PHI (LeJJeLA)*FACT? PRN1080
IF (K) 13041604140 PRN1090
IF (J=2.GT.0) PRNT(J=2)=SYM(]3) PRN1100
N=-K+,5 PRN1110
IF (N.LT.100) GO TO 150 PRN1120
GO T0 190 PRN1130
N=K+,5 PRN1140
IF (N.LT.100) 6O TO 150 PRN1150
IF (N.GT,.999) GO TO 190 PRN1160
INDX3=N/100 PRNIL170
IF (J=2.6T.0) PRNT(J=2)=SYM(INNDX3) PRN1180
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SUPPLEMENTARY DATA I--PROGRAM LISTING--Continued

N=N-TNDX3#100 PRN1190

150 INDX1=MOD(N+10) PRN1200
IF (INDX1,.,EQ,0) INNDX1=10 PRN1210

-T0 CYCLE SYMRBOLS FOR DRAWDOWNs REMOVE C FROM COL. 1 OF NEXT CARD-PRN1220

IF (NG.EQ.Y) GO TO 170 PRN1230
INDX2=N/10 PRN1240

IF (INDX2,GT.0) GO TO 180 PRN1250
INDX2=10 PRN1260

IF (INDX3.EQ.0) INDXZ2=15 PRN1270

GO TO 180 PRN1280

160 INDX1=15 PRN1290
170 INDX2=15 PRN1300
180 IF (U-1.GT.0) PRNT(J=-1)=SYM(INDX2) PRN1310
PRNT (J) =SYM(INDX1) PRN1320

GO T0O 220 PRN1330

190 DO 200 11=143 PRN1340
JI=J=-3+11 PRN1350

200 IF (JI.GT.0) PRNT(JI)=SYM(11) PRN1360
210 IF (S(LsJJeLA) LToNL) PRNT(J)=SYM(16) PRN1370
220 YLEN=YLEN+(DELY(L)+DELY (L+1)) /2. PRN1380
230 DIST=DIST-(DELX(JJ) +DELX(Ju=1)) /2. PRN1390
JJd=J4-1 PRN1400

IF (JJ.EQ.0) GO TO 240 PRN1410

IF (DIST.G6T.7-XN1#XSF) GO TO 230 PRN1420

240 CONTINUE PRN1430
PRN1440

--=-PRINT AXESsLARELSe AND SYMROLS--- PRN1450

IF (I-NA(LL).EQ.0) GO TO 260 PRN1460

IF ((I=1)/NI#N1=(I=-1)) 2704250270 PRN1470

250 WRITE (65,VF1) (BLANK(J)+J=1¢NC) s (PRNT(J) sJ=1eNR) «XN(1+(I=-1)/6) PRN1480
GO TO 2890 PRN1490

260 WRITF (65VF2) (BLANK(J)«J=1sNC) s (PRNT(J) +J=1sNB) «XLABEL (LL) PRN1500
LL=LL+] PRN1510

GO TO 280 PRN1520

270 WRITE (64,VF2) (BLANK(J) +J=1aNC) s (PRNT(J) e J=1sNB) PRN1S30
PRN1540

-=-=COMPUTE NFW VALUE FOR 7 AND INITIALIZE PRNT==-- PRN1550

2RO 7=7-2.*XN]1#XSF PRN1560
DO 290 J=1+N8 PRN1570

290 PRNT(J)=SYM(15) PRN1580
PRN1S590

-==NUMBER AND LABFI. Y AXIS AND PRINT LEGFMNN=-- PRN1600
WRITE (6eVF3) (RLANK(J) «J=1eNC) e (YN(I)eI=]1eN6) PRN1610
WRITFE (64320) (YLAREL(I)el=146h) PRN1620

IF (NG.EN,1) WRITE (6.310) FACTI] PRN1630

IF (NG.EQ,2) WRITE (6+4310) FACT?Z2 PRN1640
RETURN PRN1650
PRN1660

===FORMATS === PRN1670
PRN1680

------------------------------------------------------------------ PRN1690
PRN1700

PRN1710

300 FORMAT ('1'449X+3A84'LAYERY14/7/) PRN1720

310 FORMAT (YNDEXPLANATION?/* 0411 ('=")//* R = CONSTANT HEAD BOUNDARY'/PRN1730
1v ##3% = VALUE FEXCEEDFD 3 FIGURES'/' MULTIPLICATION FACTOR =%4F8,3)PRN1740

320 FORMAT (*'N*,39X+648) PRN1750

330 FORMAT ('N*42GXe10('#0) 4t TO FIT MAP WITHIN 12 INCHFSs DINCH REVISPRN1760
TED TO'sG1SaTelXs10(?#1)) PRN1770

340 FORMAT ('0'+45X4*NOTE: GENFRALLY SCALE SHOULD RE > OR = 1,0%) PRN1780
END PRN1790~
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SUPPLEMENTARY DATA I--PROGRAM LISTING--Continued

RLOCK DATA HLK
"""""" RLK
RLK

SPECIFICATIONS: RLK

REAL #BXLAREL+YLABFLsTITLF «XN1¢+MESUR BLK

BLK

COMMON /SARRAY/ ICHK(13)LFVFL1(9)4LFVEL2(9)

COMMON /PR/ XLABEL (3) « YLARFL (AR) 9 TITLE(H) ¢« XN1 «MESURPRNT (122) «RLANKBLK
1(A0) oDIGIT(122) s VF1I(6) «VF2(A) «VF3(T7) e XSCALEWDINCH«SYM(17)¢XN(100) 4BLK
2YN(13) oNA(4) N1 oN2yNIZYSCALE +FACT1FACT?Z BLK

g g Y L R L L LR R TR TR T R X Y

BLK

NDATA ICHK/'DRAW® 4 *HEADN® o TMASS I o 'DK] 0 ¢ *DK2* 9y *WATE * o *RECH? » "PUN1 * 4 *PBLK

10
20
30
40
50
60

80
90
100
110
120
130

TUNZ2 o *TTKR O 'EON3* 4280/ BLK 140

DATA SYM/ZOL 0 020,030 00404850 ,0R0 0703080 ,0G0,000,080,0[0,0-0,040,03K
1 'R Yyey BLK
DATA PRNT/122%#% 0/ 4N]1+N2eN39XN1/6910+133+.8333333330-1/+BLANK/60%#'BK
1 */NA(4)/1000/ BLK
DATA XLARFL/' X DIS= *o'TAMCE INte' MILFS */+YLABFL/'DISTANCF ' BLK
1FROM OR' 4 IGIN IN *4vyY DIRECT s *IONe IN 0 4*MILES Y/ WTITLE/Z*PLOT BLK
2OF Y4 'DRAWDOWN® o 04 'PLOT OF '3 *HYDRAULTI'"«'C HEAD'/ BLK
DATA DIGIT/ 71149204930 4040 050,160,010 70,1801,000,0]100,0111,4°]120,]13'BLK
To01a0 gt 15030 1ANa0 T 1] RN 111430200 492]0,30220,0230,0240,0251,026%,BLK
2270 0¥2B80 40200439300 ,03104932049330,9340,0350,0360,0371,1380,9390,08| K
34000064109 0429, 0430044040450 ,0460,84T0,04R1,0401,4,95(00,05]1,0152¢1,15p| K
G3049549 31550 056031570 ,0G81 0590 0”01 ,16]0,0620,1R30,164%,1651,'A6BLK
GOatBT00'6R04060V 30700, 17114072873V 9074007504071 4,0770,1780,¢ 198K
69918002781 04'821 49830 ,0R4V,IBSI IBRIZIRTILIBRI IR, 09()1,°9] 19,0923 K
Te'939 49949 4,1350,0G9R 01,1970 ,91G89,1GQ99,9]100"4'101"'+7102%«°]103%," 104'BLK
Be?10G504' 10614010700 ]108%6710904°]110%"0]111°%¢°112%¢2113%40114°0,9115'8LK
G 11A " 11T7 9 11R"40119,']120%4%121%,40122°'/ BLK
DATA VFLI/9(1H 040,40, VoAl oFtar]0,2060)0/ BLK
DATA VF2/0(1H 14040, YetAl el vy 0 XgABY,1) 0/ BLK
NDATA VF3/0(1HOV 41 40,0 P etAloF 403, 19%e%12F1%e?0,2)/ BLK
T R R TR E LT TR L RTL L TT LT LT LT L T FTE T LY 31T ¢

END BLK
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SUPPLEMENTARY DATA II--DATA INPUT INSTRUCTIONS

[Modified from Trescott, 1975; Trescott and Larson, 1976]

Group I:

Title, simulation options, and problem dimensions

This group contains data required to dimension the model. To specify an
option on line 4, key in the characters underlined in the definition. For an
option not used, that variable can be left blank.

Line Columns Format Variable Definition
1 1-80  20A4 HEADING Any title the user wishes to print on
one line at the start of output.
2 1-52 13A4 HEADING
3 1-10 110 10 Number of rows.
11-20 I10 JO Number of columnms.
21-30 110 KO Number of layers.
31-40 I10 ITMAX Maximum number of iterations per step.
41-50 I10 NCH Number of constant head nodes.
51-60 TI10 ND Number of drain nodes.l
61-70 I10 NRIV Number of river nodes.1
71-80 I10 IOK To print vertical flow at each node
enter a 1.
4 1-4 A4 IDRAW DRAW to print drawdown.
6~9 A4 THEAD HEAD to print hydraulic head.
11-14 A4 IFLOW MASS to compute a mass balance.
16-18 A3 IDK1 DK1 to read initial head, elapsed time,
and mass balance parameters from unit 4
on disk.
21-23 A3 IDK2 DK2 to write computed head, elapsed

time, and mass balance parameters on
unit 4 (disk).

1Set Dimension Y.
subsequent data corresponding to that parameter can be omitted.

If either or both of these parameters is zero, the
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SUPPLEMENTARY DATA II--DATA INPUT INSTRUCTIONS--Continued

Group I: Title, simulation options and problem dimensions--Continued

Line Columns Format Variable Definition
26-29 A4 IWATER WATE if the upper hydrologic unit is
confined.
31-34 A4 IQRE RECH for a constant (with time)

recharge that may be a function of
space--for RECH data set 8 is needed.

36-39 A4 IPU1 PUNl to read initial head, elapsed
time, and mass balance parameters on
subsequent lines.

41-44 A4 IPU2 PUN2 to punch computed head, elapsed
time, and mass balance parameters on
subsequent lines.

46-49 A4 ITK ITKR to read the value of TK(I, J, K)
for simulations in which confining
layers are not represented by layers
of nodes. TK(I, J, K) = Kzz/b.

51-54 A4 IEQN EQN3 if eqn. 3 is being solved; other-
wise it is assumed that eqn. 4 is being
solved. (leave blank for three-
dimensional.)

Group II: Scalar parameters

The parameters required in every problem are underlined. The other
parameters are required as noted; when not required, their location on the
line can be left blank. The G format is used to read E, F, and I format data.
Minimize mistakes by always right-justifying data in the field. If F format
data do not contain significant figures to the right of the decimal point, the
decimal point can be omitted.

Line Columns Format Variable Definition
1 1-10 Gl10.0 NPER Number of pumping periods for the
simulation.
11-20 Gl10.0 KTH Number of time steps between printouts.

(Experiment for accuracy when stress is
large, for example, try more time steps.)
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SUPPLEMENTARY DATA II--DATA INPUT INSTRUCTIONS-~-Continued

Group II: Scalar parameters--Continued

Line Columns Format Variable Definition

NOTE: To print only the results for the final time step in a pumping
period, make KTH greater than the expected number of time steps. The
program always prints the results for the final time step.

21-30 G10.0 ERR Error criterion for closure (L).
(Experiment—-too high a number can
cause errors in the Mass Balance.)

NOTE: When the head change at all nodes on subsequent iterations is less
than this value (for example, 0.0l foot), the program has converged to a
solution for the time step.

31-40 G10.0 LENGTH Number of iteration parameters.
41-50 G10.0 QET Maximum ET rate (in ft/sec).
51-60 G10.0 ETDIST2 Depth at which ET ceases below land
surface (ft).
61-70 G10.0 EEE&? Dampening parameter less than 1.0.
2 1-10 G10.0 XSCALE Factor to convert model length unit

used in X direction on maps. (That
is, to convert from feet to miles,
XSCALE = 5280).

NOTE: For no maps, line 2 is blank.

11-20 G10.0 YSCALE Factor to convert model length unit to
unit used in Y direction on maps.

21-30 Gl0.0 DINCH Number of map units per inch.

31-40 G10.0 FACT1 Factor tg adjust value of drawdown
printed.

2Must be coded non-zero.

3
Value of draw- FACT1 or Printed
down or head FACT2 value

0.01 1
0.1 5
52.57 1.0 53
0.0 526
0.0 *kk
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SUPPLEMENTARY DATA II--DATA INPUT INSTRUCTIONS--Continued

Group II: Scalar parameters--Continued
Line Columns Format Variable Definition
41-49 911 LEVEL1(T) Layers for which drawdown maps are to
be printed. List the layers starting
in col. 41; the first zero entry termi-
nates the printing of drawdown maps.
51-60 G10.0 FACT?2 Factor tg adjust value of head
printed.
61-69 911 LEVEL2(I) Layers for which head maps are to be
printed. List layers starting in col.
61; the first zero entry terminates the
printing of head maps.
71-78 A8 MESUR Name of map length unit.
3 1-20 G20.10 SUM Parameters in which elapsed time and
21-40 G20.10 SuMP cumulative volumes for mass balance are
41-60 G20.10 PUMPT stored. For the start of a simulation
61-80 G20-10  CFLUXT simulation insert three blank lines.
For continuation of a previous run,
4 1-20 G20.10  QRET replace the three blank lines with
21-40 G20.10  CHST output from the previous run.
41-60 G20.10  CHDT
61-80 G20.10 FLUXT
5 1-20  G20.10  STORT
21-40 G20.10  ETFLXT
41-60 G20.10  FLXNT
3
Value of draw- FACT1 or Printed
down or head FACT?2 value
0.01 1
0.1 5
52.57 1.0 53
10.0 526
100.0 *EE
Group ITI: Array data

(for layers with variable data) are required for each layer.
line contains at least five variables.

Each of the following data sets (except data set 1) consists of a param-
eter line and, if the data set contains variable data, a set of data lines.
If the data set requires data for each layer, a parameter line and data lines

Each parameter
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SUPPLEMENTARY DATA II--DATA INPUT INSTRUCTIONS--Continued

Group TII:

Array data--Continued

Foot-
note

Columns Format

Variable

Definition

(4)

(5)

(5

(5)

(4)

1-10 G10.0

11-20  G10.0

21-30  G10.0

31-40 G10.0

41-50  G10.0

51-60 Gl0.0

61-70 G10.0

71-80  G10.0

FAC

IVAR

IPRN

FACT(K,l)6

FACT(K,Z)6

FACT(K,3)7

IRECS

IRECD

If TVAR = 0, FAC is the value assigned
to every element of the matrix for this
layer.

If IVAR = 1, FAC is the multiplication
factor for the following set of data
lines for this layer.

= 0 if no data lines are to be read for
this layer.

=1 if data lines for this layer
follow.

= 0 if input data for this layer are to
be printed.

= 1 if input data for this layer are
not to be printed.

Multiplication factor for transmissivi-
ty in X direction.

Multiplication factor for transmissivi-
ty in Y direction.

Multiplication factor for hydraulic
conductivity in the Z direction. (Not
used when confining bed nodes are
eliminated and TK values are read.)

= 0 if the matrix is input on subse-
quent lines or if each element is being
set equal to FAC.

= 1 if the matrix is to be read from
disk (unit 2).

= 0 if the matrix is not to be atored
on disk.

= 1 if the matrix being read from sub-
sequent lines or set equal to FAC is to
be stored on disk (unit 2) for later
retrieval.

~ O o~

Every parameter line.
Transmissivity parameter lines also have these variables.

Anisotropy.

Use only for the confining bed represented by layer of nodes.
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SUPPLEMENTARY DATA II--DATA INPUT INSTRUCTIONS~-Continued

Group III: Array data--Continued

When data lines are included, start each row on a new line. To prepare a
set of data lines for an array that is a function of space, the general pro-
cedure is to overlay the finite-difference grid on a contoured map of the
parameter and record the average value of the parameter for each finite-
difference block on coding forms according to the appropriate format. In
general, record only significant digits and no decimal points (except for
data set 2); use the multiplication factor to convert the data to their
appropriate values. For example, if DELX ranges from 1,000 to 15,000 feet,
coded values should range from 1-15; the multiplication factor (FAC) would
be 1,000.

Data
set Columns Format Variable Definition
1 1-80 8F10.4 PHI(I, J, K) Head values for continuation of a

previous run (L).

NOTE: For a new simulation this data set is omitted. Do not include a
parameter line with this data set.

2  Factor card for ET option (GRND)

1-10 G10.0 FAC FAC is the multiplication factor for
the following set of data.

11-20  Gl10.0 IPRN = 0 if input is to be printed.
1 if input not to be printed.

Data set for GRND (Ground elevation)
1-80 20F4.0 GRND(I, J) Land surface elevation in feet.

NOTE: If QET on line 1 of group II is equal to O then data set 2 should be
omitted.

3 1-80 8F10.4 STRT(I, J, K) Starting head matrix (L).

4 1-80 20F4.0 S(I, J, K) Storage coefficient
(dimensionless).

NOTE: This matrix is also used to locate constant head boundaries by coding
a negative number at constant head nodes. At these nodes T must be greater

than zero. If equation 3 is to be solved, read specific storage instead of

storage coefficient,

5 1-80 20F4.0 T(I, J, K) Transmissivity (L2%/t).
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SUPPLEMENTARY DATA II--DATA INPUT INSTRUCTIONS--Continued

Group III: Array data--Continued

Data
set Columns Format Variable Definition

NOTE:

1. Zero values are required around the perimeter of the T matrix for each
layer for reasons inherent in the computational scheme. This is done
automatically by the program.

2. See the previous page for the additional requirements on the parameter
lines for this data set.

3. If the upper active layer is unconfined and PERM and BOTTOM are to be
read for this layer, insert a parameter line for this layer with only
the values for FACT on it.

4, 1f solving equation 3, read hydraulic conductivity--not T.

6 1-80  20F4.0 TK(I, J, K) Kzz/b (sec‘l).

NOTE: This data set is read only if specified in the options (ITK on line
4 in Group I). The number of layers of TK values = K'-1. See the discus-
sion of the treatment of confining layers. K' being the number of layer of
nodes.

7 1-80 20F4.0  PERM(I, J) Hydraulic conductivity (L/T). (See
note 1 for data set 5.)

8 1-80 20F4.0 BOTTOM(I, J) Elevation of bottom of water-table
unit (L).

NOTE: Data sets 7 and 8 are required only for simulating unconfined
conditions in the upper hydrologic unit.

9 1-80  20F4.0 QRE(I, J) Recharge rate (L/T).

NOTE: Omit if not used.

10 1-80 8G10.0 DELX(J) Grid spacing in X direction (L).
11 1-80 8G10.0 DELY(I) Grid spacing in Y direction (L).
12 1-80 8G10.0 DELZ(K) Grid spacing in Z direction (L).
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SUPPLEMENTARY DATA II--DATA INPUT INSTRUCTIONS--Continued

Group IV:

River and drain node parameter and data set lines of input

Each data set has a separate factor line (except sets 1 and 4). The

first line is the factor line while the second and subsequent lines are the
data lines for each data set.

Data
set Columns Format Variable Definition
1 1-80 8011 ID(I0, JO) Indicator array for drain nodes in top
layer; 1 for drain, zero for no drain.
Start each row on a new line.
2 1-10 8G10.0 FAC Multiplier for subsequent drain
coefficient values. Each value
is multiplied by FAC.

1-80 40F2.0 LD(ND) ND values of drain length (in hundreds
of feet) for each node containing a
drain. Values are coded continuously,
40 per line, row by row.

3 1-10 8Gl10.0 FAC Multiplier for subsequent drain
elevation values.

1-80 20F4.0 ELD(ND) ND values of drain elevation for each
node containing a drain. Values are
coded continuously, 20 per line, row
by row.

4 1-80 8011 IDR(IO, JO, Indicator array for river nodes in top
K0) layer; 1 for river node, zero for no
river. Start each row on a new line.
5 1-10 8G10.0  FAC Multiplier for subsequent values of
river water level.

1-80 20F4.0  RH(NRIV) NRIV values of river water level for
each node containing a river. Values
coded continuously, 20 per line, row
by row.

6 1-10 8G10.0  FAC Multiplier for subsequent values of
river bed bottom elevation.

1-80  20F4.0 RB(NRIV) NRIV values of river bed bottom eleva-

tion for each node containing a river.
Leakage gradient limited to RH-RB if

PHI is less than RB. Values are coded
continuously, 20 per line, row by row.
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SUPPLEMENTARY DATA II--DATA INPUT INSTRUCTIONS--Continued

Group IV: River and drain node parameter and data set
lines of input--Continued

Data
set Columns Format Variable Definition
7 1-10  8Gl0.0  FAC Multiplier for subsequent values of
river leakage coefficient.
1-80 10F8.0  RC(NRIV) NRIV values of river leakage coeffi-
cient (commonly k'A /b'A )

tream .node
for each node containing a river.

Values are coded continuously, 10 per
line, row by row.

Group V: Parameters that change with the pumping period

The program has two options for the simulation period:

1. To simulate a given number of time steps, set TMAX to a value larger than
the expected simulation period. The program will use NUMT, CDLT, and
DELT as coded. If NUMT is greater that 50, change the dimensions of
ITTO in subroutine STEP to the appropriate size.

2. To simulate a given pumping period, set NUMT larger than the number
required for the simulation period (for example, 50). The program will
compute the exact DELT (which will be less than or equal to DELT coded)
and NUMT to arrive exactly at TMAX on the last time step.

Line Columns Format Variable Definition
1 1-10 Gl10.0 Kp Number of the pumping period.
11-20 Gl0.0 KPM1 Number of the previous pumping period.

NOTE: KPMl1 is currently not used.

21-30 Glo0.Q NWEL Number of wells for this pumping
period.

31-40 G10.0 TMAX Number of days in this pumping period.

41-50 G10.0 NUMT Number of time steps.

51-60 G10.0 CDLT Multiplying factor for DELT.

NOTE: 1.5 is commonly used.
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SUPPLEMENTARY DATA TI~-DATA INPUT INSTRUCTIONS--Continued

Group V: Parameters that change with the pumping period--Continued

Line Columns Format Variable Definition
61-70 Gl10.0 DELT Initial time step in hours.
71-80 NON IRECH Leave zero.

If NWEL = 0 the following set of data lines is omitted.

Data

set  Columns Format Variable Definition

61 1-10 Glo.0 K Layer in which well is located.
11-20 G10.0 I Row location of well.
21-30 G10.0 J Column location of well.

31-40 Gl0.0 WELL (I, J, Pumping rate (L3/t), negative for
K) pumping well.

For each additional pumping period, another set of group V data lines is
required (that is, NPER sets of group V lines are required).

If another simulation is included in the same job, insert a blank line
before the next group I lines.

6NWEL data lines—--one for each well.
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SUPPLEMENTARY DATA III--INPUT MATRICES AND RESULTS

Starting head matrix, layer 1 for pumping period 1
Starting head matrix, layer 2 for pumping period 1
Bottom elevation matrix, layer 2 for pumping period 1
Relative values of recharge (QRE)

Grid spacing in prototype in X direction
Head matrix, layer 1 for pumping period 2
Head matrix, layer 2 for pumping period 2
Head matrix, layer 1 for pumping period 3
Head matrix, layer 2 for pumping period 3
Head matrix, layer 1 for pumping period 4
Head matrix, layer 2 for pumping period 4
Head matrix, layer 1 for pumping period 5

Head matrix, layer 2 for pumping period 5
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LAYER

SUPPLEMENTARY DATA III--INPUT MATRICES AND RESULTS
STARTING HEAD MATRIX.,

Starting head matrix, layer 1 for pumping period 1
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